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ATGTflCAACG 

gatgc:gccg 
gggtcgccct 

ACTGiTTACC 
CCTGCCTTTT 
GGGACATTCC 
GGGAGCATCG 
CGTCCACCCC 
GCATCGTCTG 
TTGCTGGAGA 
CTTCATCATG 
AGTTCTTTAT 
TGGAGCCTGA 
GGCGACCCGG 
TGCCCAGCGT 
GCCTGCGATC 
CTACATGAAC 
CCTTTCCCAA 
CAGCCAGGAC 
CCTC3GTCGC 
CTGATGGGCA 



GGTCGTGCTG 
CTGCTCATTG 
GTGTGGTTTC 
TT7TCAATTT 
CGGACAGACT 
CTGCCGAGTG 
TGTTCCTTAC 
CACCACGCGG 
CACCCTGTGG 
ACCATCTCTG 
GAGTCGGCCA 
GCCCCTCGGC 
GGCGGAGGCA 
TTCATCATGG 
GTCTGCTAGA 
CCTCTGTCCA 
AGCATGCTGG 
ATTCTACAAC 
ACTCAAAAAC 
AGGACTTGCA 
ATG 3GATCCC 



CCGCATCGAG 
TGGCCTTTGT 
TGCTTCCACA 
GGCCGTGGCT 
ATTACCTCAG 
GGGCTCTTCA 
CGTGGTGGCT 
TGAACACTAT 
GCCCTGGTCA 
CGTGCAAGAG 
ATGGCTGGCA 
ATCATCTTAT 
GCAGCTGGCC 
TGGTGGCAJ^T 
CTCTATTTCC 
TGGGGCCCTG 
ATCCCCTGGT 
AAGCTCAAAA 
ACAAAGGCCG 
TCAGTGTGGC 
CACATTGTTG 



ggggacacca 
gctgggcgca 
tgaagacctg 
gatttcctcc 

ac g tag ac ac 

CCriGGCCAT 
GCGGACAGGT 
CTCCACCCGG 
TCCTGGGAAC 
ACGGCCGTCT 
TGACATCATC 
TTTGCTCCTT 
AGACAGGCTC 
TGTGTTCMC 
TCTGGACGGT 
CACATAACCC 
CTATTATTTT 
TCTGCAGTCT 
GA.^GAGATGC 
AA.ATAGTTTC 
AGTGGCACTG 



TCTCCCAGGT 
CTAGGCAATG 
GAAGCCCAGC 
TTATGATCTG 
TGGGCTTTTG 
GAACAGGGCC 
ATTTCAAJS^GT 
GTGGC6GCTG 
A6TGTATCTT 
CCTGTGAGAG 
TTCCAGCTGG 
CAAGATTGTT 
GGATGAAGAA 
ACATGCTACC 
GCCCTCG.AGT 
rCACCTTCAC 
TCAAGCCCCT 
GAAACCCAAC 
CAATTTCGAA 

:aaagccagt 

A :.): 



(57) Abstract: The present invention 
provides amino acid sequences of 
peptides that are encoded by genes 
within the Human genome, the GPCR 
peptides of the present invention. 
The present invention specifically 
provides isolated peptide and nucleic 
acid molecules, methods of identifying 
orthologs and paralogs of the GPCR 
peptides and methods of identifying 
modulators of the GPCR peptides. 
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ISOLATED HUMAN G-PROTEIN COUPLED RECEPTORS, NUCLEIC ACID 
MOLECULES ENCODING HUMAN GPCR PROTEINS, AND USES THEREOF 

RELATED APPLICATIONS 

5 The present application claims priority to U.S. Serial Nos. 60/1 92,4 1 9, filed March 27, 2000 

(Atty. Docket CL000397-PROV), 60/230,459, filed September 6, 2000 (Atty. Docket CL000782- 
PROV), and 09/666,535, filed September 20, 2000 (Atty. Docket CL000782). 

FIELD OF THE INVENTION 

1 0 The present invention is in the field of G-Protein coupled receptors (GPCRs) that are related 

to the chemokine receptor subfamily, recombinant DNA molecules, and protein production. The 
present invention specifically provides novel GPCR peptides and proteins and nucleic acid 
molecules encoding such peptide and protein molecules, all of which are useful in the development 
of human therapeutics and diagnostic compositions and methods. 

15 

BACKGROUND OF THE INVENTION 

G-protein coupled receptors 

G-protein coupled receptors (GPCRs) constitute a major class of proteins responsible for 
transducing a signal within a cell. GPCRs have three structural domains: an amino terminal 

20 extracellular domain, a transmembrane domain containing seven transmembrane segments, three 
extracellular loops, and three intracellular loops, and a carboxy terminal intracellular domain. Upon 
binding of a ligand to an extracellular portion of a GPCR, a signal is transduced within the cell that 
results in a change m a biological or physiological property of the cell. GPCR5, along with G-proteins 
and effectors (intracellular enzymes and channels modulated by G-proteins), arc the components of a 

25 modular signaling system that connects the state of intracellular second messengers to extracellular 
inputs. 

GPCR genes and gene-products are potential causative agents of disease (Spiegel et a/., J, Clin. 
Invest 92:U 19-1 125 (1993); McKusick et al, 1 Med Genet 50:1-26 (1993)). Specific defects in the 
rhodopsin gene and the V2 vasopressin receptor gene have been shown to cause various forms of 
30 retinitis pigmentosum (Nathans et al . Anm, Rev. Genet 2^:403-424(1 992)\ and nephrogenic diabetes 
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analyses suggest that the ancestor of these proteins originally developed in concert with complex body 
plans and nervous systems. 

The GPCR protein superfamily can be divided into five famiUes: Family I, receptors typified 
by rhodopsin and the p2-purinergic receptor and currently represented by over 200 unique members 
5 (Dohlman et al, Annu. Rev. Biochem, 50:653-688 (1 991)); Family 11, the parathyroid 

hormone/calcitonin/secretin receptor family (Juppner et al. Science 25^:1024-1026 (1991); Lin et al. 
Science 254:1022-1024 (1991)); Family ID, the metabotropic glutamate receptor family (Nakanishi, 
Science 258 597:603 (1992)); Family IV, the cAMP receptor family, important in the chemotaxis and 
development of A discoideum (Klein et al. Science 24J :U67A472 (1 988)); and Family V, the fimgal 

10 mating pheromone receptors such as STE2(Kuijan,^wzM. Rev.Biochem, 57:1097-1129(1992)). 

There are also a small number of other proteins that present seven putative hydrophobic 
segments and appear to be unrelated to GPCRs; they have not been shown to couple to G-proteins. 
Drosophila expresses a photoreceptor-specific protein, bride of sevenless (boss), a seven- 
transmembrane-segment protein that has been extensively studied and does not show evidence of being 

15 a GPCR (Hart et al., Proc, Natl Acad Sci USA 90:5047-5051 (1993)). The gem frizzled ifz) in 

Drosophila is also thought to be a protein with seven transmembrane segments. Like boss, iz has not 
been shown to couple to G-proteins (Vinson et ai. Nature 535:263-264 (1989)). 

G proteins represent a family of heterotrimeric proteins composed of a, p and y subimits, that 
bind guanine nucleotides. These proteins are usually linked to cell surface receptors, e.g., receptors 

20 containing seven transmembrane segments. Following ligand binding to the GPCR, a conformational 
change is transmitted to the G protein, which causes the a-subunit to exchange a bound GDP molecule 
for a GTP moleciile and to dissociate from the py-subunits. The GTP-bound form of the a-subunit 
typically fimctions as an effector-modulating moiety, leading to the production of second messengers, 
such as cAMP (e.g., by activation of adenyl cyclase), diacylglycerol or inositol phosphates. Greater 

25 than 20 different types of a-subunits are known in humans. These subunits associate with a smaller 
pool of p and y subunits. Examples of mammahan G proteins include Gi, Go, Gq, Gs and Gt. G 
proteins are described extensively in Lodish et al.. Molecular Cell Biology, (Scientific American 
Books Inc., New York, N.Y., 1995), the contents of which are incorporated herein by reference. 
GPCRs, G proteins and G protein-linked effector and second messenger systems have been reviewed 

30 in The G-Protein Linked Receptor Fact Book, Watson et ai , eds., Academic Press (1994). 

Aminergic GPCRs 
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(aminergic GPCRs) represent a large group of GPCRs that share a common evolutionary ancestor 
and which are present in both vertebrate (deuterostome), and invertebrate (protostome) lineages. 
This family of GPCRs includes, but is not limited to tlie 5-HT-like, the dopamine-like, the 
acetylcholine-like, the adrenaline-like and the melatonin-like GPCRs. 

5 Dopamine receptors 

The understanding of the dopaminergic system relevance in brain function and disease 
developed several decades ago from three diverse observations following drug treatments. These were 
the observations that dopamine replacement therapy improved Parkinson's disease symptoms, 
depletion of dopamine and other catecholamines by reserpine caused depression and antipsychotic 

10 drugs blocked dopamine receptors. The finding that the dopamine receptor binding affinities of typical 
antipsychotic drugs correlate with their clinical potency led to the dopamine overactivity hypothesis of 
scMzophrema (Snyder, S.H., Am JFsychiairy 133, 197-202 (1976); Seeman, P. and Lee, T, Science 
188, 1217-9 (1975)). Today, dopamine receptors are crucial targets in the pharmacological therapy of 
schizophrenia, Parkinson's disease, Tourette's syndrome, tardive dyskinesia and Huntington's disease. 

1 5 The dopaminergic system includes the nigrostriatal, mesocordcolimbic and tuberoinfundibular 

pathways. The nigrostriatal pathway is part of the striatal motor system and its degeneration leads to 
Parkinson's disease; the mesocorticolimbic pathway plays a key role in reinforcement and in emotional 
expression and is the desired site of action of antipsychotic drugs; the tuberoinfundibular pathways 
regulates prolactin secretion from the pituitary. 

20 Dopamine receptors are members of the G protein coiqpled receptor superfamily, a large group 

proteins that share a seven helical membrane-spanning structure and transduce signals through 
coupling to heterotrimeric guanine nucleotide-binding regulatory proteins (G proteins). Dopamine 
receptors are classified mto subfamilies: DMike (Dl and D5) and D2-like (D2, D3 and D4) based on 
their different ligand binding profiles, signal transduction properties, sequence homologies and 

25 genomic organizations (Civelli, O., Bunzow, J.R. and Grandy, D.K., Anm Rev Pharmacol Toxicol 33, 
281-307 (1993)). The DMike receptors, Dl and D5, stimulate cAMP synthesis through coupling v^th 
Gs-like proteins and their genes do not contain introns v^thin their protein coding regions. On the 
other hand, the D2-like receptors, D2, D3 and D4, inhibit cAMP synthesis through their interaction 
with Gi-like proteins and share a sunilar genomic organization which includes introns within their 

30 protein coding regions. 

Serotonin receptors 
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1243-1251 (1948). Interest on a possible relationship between 5-HT and psychiatric disease was 
spurred by the observations that hallucinogens such as LSD and psiJocybin inhibit the actions of 5-HT 
on smooth muscle preparations (Gaddum, J.H. and Hameed, K-A., Br J Pharmacol 9, 240-248 (1954)). 
This observation lead to the h>T)othesis that brain 5-HT activit>^ might be altered in psychiatric 
5 disorders (Wooley, D.W. and Shaw, E., Proc Natl Acad Sci USA 40, 228-231 (1954); Gaddum, J.H. 
and Picarelli, Z.P., Br J Pharmacol 12, 323-328 (1957)). TTiis hypothesis was strengthened by the 
introduction of tricyclic antidepressants and monoamine oxidase inhibitors for the treatment of major 
depression and the observation that those dmgs affected noradrenaline and 5-HT metabolism. Today, 
drugs acting on the serotoninergic system have been proved to be eiBfective in the pharmacotherapy of 

1 0 psychiatric diseases such as depression, schizophrenia, obsessive-compulsive disorder, panic disorder, 
generalized anxiety disorder and social phobia as well as migraine, vomiting induced by cancer 
chemotherapy and gastric motility disorders. 

Serotonin receptors represent a very large and diverse family of neurotransmitter receptors. To 
date tWrteen 5-HT receptor proteins coupled to G proteins plus one ligand-gated ion channel receptor 

1 5 (5-HT3) have been described in mammals. TTiis receptor diversity is thought to reflect serotonin's 
ancient origin as a neurotransmitter and a hormone as well as the many different roles of 5-HT in 
mammals. The 5-HT receptors have been classified into seven subfamilies or groups according to their 
different ligand-binding affinity profiles, molecular structure and intracellular transduction 
mechanisms (Hoyer, D. et ai,, Pharmacol Rev. 46, 157-203 (1994)). 

20 Adrenergic GPCRs 

The adrenergic receptors comprise one of the largest and most extensively characterized 
families vyathin the G-protein coupled receptor "superfamily". This superfamily includes not only 
adrenergic receptors, but also muscarinic, cholinergic, dopaminergic, serotonergic, and 
histaminergic receptors. Numerous peptide receptors include glucagon, somatostatin, and 

25 vasopressin receptors, as well as sensory receptors for vision (rhodopsin), taste, and olfaction, also 
belong to this grov^ng family. Despite the diversity of signalling molecules, G-protein coupled 
receptors all possess a similar overall primary structure, characterized by 7 putative membrane- 
spanning .alpha, helices (Probst et al., 1992). In the most basic sense, the adrenergic receptors are 
the physiological sites of action of the catecholamines, epinephrine and norepinephrine. Adrenergic 

30 receptors were initially classified as either .alpha, or .beta, by Ahlquist, who demonstrated that the 
order of potency for a series of agonists to evoke a physiological response was distinctly different at 

-. , .. '11,..:+ ir- i(.>-, .l^- .-.-.l- : }, ^^■.<r'' <'^M-\\r f.-^ 

. I... 1. t . . V, . ... . ( > .r, .T^.Ml. »Jl I'.t iMt) I K^->(T'IM 'i! \ ^-'Ml ) \ 
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Eventually, pharmacologists realized that these responses resulted from activation of several distinct 
adrenergic receptor subtypes, .beta, adrenergic receptors in the heart were defined as .beta..sub.l, 
w^hile those in the lung and vasculature v/ere termed .beta..sub.2 (Lands et al., 1967). 

.alpha. Adrenergic receptors, meanwhile, were first classified based on their anatomical 
5 location, as either pre or post-synaptic (.alpha..sub.2 and .alpha..sub.l, respectively) (Langer et al., 
1974), This classification scheme was confounded, however, by the presence of .alpha..sub.2 
receptors in distinctly non-synaptic locations, such as platelets (Berthelsen and Pettinger, 1977). 
With the development of radioligand binding techniques, .alpha, adrenergic receptors could be 
distinguished pharmacologically based on their affinities for the antagonists prazosin or yohimbine 

10 (Stark, 1981). Definitive evidence for adrenergic receptor subtypes, however, awaited purification 
and molecular cloning of adrenergic receptor subtypes. In 1986, the genes for the hamster 
.beta..sub.2 (Dickson et al., 1986) and turkey .beta..sub.l adrenergic receptors (Yarden et al., 1986) 
were cloned and sequenced. Hydropathy analysis revealed that these proteins contain 7 hydrophobic 
domains similar to rhodopsin, the receptor for light. Since that time the adrenergic receptor family 

15 1 has expanded to include 3 subtypes of .beta, receptors (Emorine et al., 1989), 3 subtypes of 
.alpha..sub.l receptors (Schwinn et al., 1990), and 3 distinct types of .beta,.sub.2 receptors 
(Lomasney et al., 1990). 

The cloning, sequencing and expression of alpha receptor subtypes firom animal tissues has 
led to the subclassification of the alpha 1 receptors into alpha Id (fomierly known as alpha la or 

20 la/Id), alpha lb and alpha la (formerly known as alpha Ic) subtypes. Each alpha 1 receptor subtype 
exhibits its own pharmacologic and tissue specificities. The designation "alpha la" is the 
appellation recently approved by the lUPHAR Nomenclature Committee for the previously 
designated "alpha Ic" cloned subtype as outlined in the 1995 Receptor and Ion Channel 
Nomenclature Supplement (Watson and Girdlestone, 1995). The designation alpha la is used 

25 throughout this application to refer to this subtype. At the same time, the receptor formerly 
designated alpha 1 a was renamed alpha Id. The new nomenclature is used throughout this 
application. Stable cell lines expressing these alpha 1 receptor subt3Tpes are referred to herein; 
however, these cell lines were deposited with the American Type Culture Collection (ATCC) under 
the old nomenclature. For a review of the classification of alpha 1 adrenoceptor subtypes, see, 

30 Martin C. Michel, et al, Naunyn-Schmiedeberg's Arch. Pharmacol. (1995) 352:1-10. 

The differences in the alpha adrenergic receptor subtypes have relevance in 
pathophysiologic conditions. Benign prostatic hyperplasia, also known as benign prostatic 
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increased difficulty in urination and sexual dysfunction. These symptoms are induced by 
enlargement, or hyperplasia, of the prostate gland. As the prostate increases in size, it impinges on 
free-flow of fluids through the male urethra. Concommitantly, the increased noradrenergic 
innervation of the enlarged prostate leads to an increased adrenergic tone of the bladder neck and 
5 urethra, further restricting the flow of urine through the urethra. 

The .alpha. .sub.2 receptors appear to have diverged rather early from either .beta, or 
.alpha.. sub. 1 receptors. The .alpha.. sub.2 receptors have been broken down into 3 molecularly 
distinct subtypes termed .alpha..sub.2 C2, .alpha..sub.2 C4, and .alpha..sub.2 CIO based on their 
chromosomal location. These subtypes appear to correspond to the pharmacologically defined 

10 .alpha. .sub.2B, .alpha..sub.2C, and .alpha..sub.2A subtypes, respectively (Bylund et al., 1992). 
While all the receptors of the adrenergic type are recognized by epinephruae, they are 
pharmacologically distinct and are encoded by separate genes. These receptors are generally 
coupled to different second messenger pathways that are linked through G-proteins. Among the 
adrenergic receptors, .beta..sub.l and .beta..sub.2 receptors activate the adenylate cyclase, 

15 .alpha. .sub.2 receptors inhibit adenylate cyclase and .alpha..sub.l receptors activate phospholipase 
C pathways, stimulating breakdown of polyphosphoinositides (Chung, F. Z. et al., J. Biol. Chem., 
263:4052 (1988)). .alpha. .sub.l and ,alpha..sub.2 adrenergic receptors differ in their cell activity for 
drugs. 

Issued US patent that disclose the utility of members of this family of proteins include, but 
20 are not limited to, 6,063,785 Phthalimido arylpiperazines useful in the treatment of benign prostatic 
hyperplasia; 6,060,492 Selective .beta.3 adrenergic agonists; 6,057,350 Alpha la adrenergic 
receptor antagonists; 6,046,192 Phenylethanolaminotetralincarboxamide derivatives; 6,046,183 
Method of synergistic treatment for benign prostatic hyperplasia; 6,043,253 Fused piperidine 
substituted arylsulfonamides as .beta.3-agonists; 6,043,224 Compositions and methods for 
25 treatment of neurological disorders and neurodegenerative diseases; 6,037,354 Alpha la adrenergic 
receptor antagonists; 6,034,106 Oxadiazole benzenesulfonamides as selective .beta..sub.3 Agonist 
for the treatment of Diabetes and Obesit>'; 6,01 1,048 Thiazole benzenesulfonamides as .beta3 
agonists for treatment of diabetes and obesit}- 6,008,361 5,994,506 Adrenergic receptor; 5,994,294 
Nitrosated and nitrosylated .alpha.-adrenergic receptor antagonist compounds, compositions and 
30 their uses; 5,990,128 .alpha..sub.lC specific compounds to treat benign prostatic hyperplasia; 

5,977,154 Selective .beta,3 adrenergic agonist; 5,977,1 15 Alpha la adrenergic receptor antagonists; 
5,939,443 Selective .beta.3 adrenergic agonists; 5,932,538 Nitrosated and nitrosylated .alpha.- 
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adrenergic receptor antagonists 26 5,908,830 and 5,861,309 DNA endoding human alpha 1 
adrenergic receptors, 

Purinergic QPCRs 

5 Purinoceptor P2Y1 

P2 purinoceptors have been broadly classified as P2X receptors which are ATP-gated channels; 
P2Y receptors, a family of G protein-coupled receptors, and P2Z receptors, which mediate 
nonselective pores in mast cells. Numerous subtypes have been identified for each of the P2 receptor 
classes. P2Y receptors are characterized by their selective responsiveness towards ATP and its 

1 0 analogs. ' Some respond also to UTP. Based on the recommendation for nomenclature of P2 

purinoceptors, the P2Y purinoceptors were numbered in the order of cloning. P2Y1, P2Y2 and P2Y3 
have been cloned fi:om a variety of species. P2Y1 responds to both ADP and ATP. Analysis of P2Y 
receptor subtype expression in human bone and 2 osteoblastic cell lines by RT-PCR showed that all 
known human P2Y receptor subtypes were expressed: P2 Yl , P2Y2, P2Y4, P2Y6, and P2Y7 (Maier et 

15 al. 1997). In contrast, analysis of brain-derived cell lines suggested that a selective expression of P2Y 
receptor subtypes occurs in brain tissue. 

Leon et al. generated P2Yl-null mice to define the physiologic role of the P2Y1 receptor (J. 
Clin. Invest 104: 1731-1737(1999)). These mice were viable with no apparent abnormalities affecting 
their development, survival, reproduction, or morphology of platelets, and the platelet count in these 

20 animals was identical to that of wildtype mice. However, platelets fi-om P2 Yl -deficient mice were 

unable to aggregate in response to usual concentrations of ADP and displayed impaired aggregation to 
other agonists, while high concentrations of ADP induced platelet aggregation without shape change. 
In addition, ADP-induced mhibition of adenylyl cyclase still occurred, demonstrating the existence of 
an ADP receptor distinct fi-om P2Y1 . P2Yl-null mice had no spontaneous bleeding tendency but were 

25 resistant to thromboembolism induced by intmvenous injection of ADP or collagen and adrenaline. 
Hence, the P2Y1 receptor plays an essential role in tlirombotic states and represents a potential target 
for antithrombotic drugs. Somers et al. mapped the P2RY1 gene between flanking markers D3S1279 
and D3S 1280 at a position 173 to 174 cM from the most telomeric markers on the short arm of 
chromosome 3. (Genomics 44: 127-130 (1997)). 

30 Purinoceptor P2Y2 
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secretion in CF patients. Parr et al. reported the sequence and ftmctional expression of a cDNA cloned 
from human airway epithelial cells that encodes a protein with properties of a P2 Y nucleotide receptor. 
(Proc. Nat. Acad. Sci. 91 : 3275-3279 (1994)) Tlie human P2RY2 gene was mapped to chromosome 
Ilql3.5-ql4.1. 

5 PurinoceptorP2RY4 

The P2RY4 receptor appears to be activated specifically by UTP and UDP, but not by ATP and 
ADP. Activation of this uridine nucleotide receptor resulted in increased inositol phosphate formation 
and calcium mobilization. The UNR gene is located on chromosome Xql3. 

Purinoceptor P2Y6 

10 Somers et al. mapped the P2RY6 gene to 1 lql3.5, between polymorphic markers Dl 1S1314 

and D11S916, and P2RY2 maps within less than 4 cM of P2RY6. (Genomics 44: 127-130(1997)) 
This was the first chromosomal clustering of this gene family to be described. 

Adenine and uridme nucleotides, in addition to their well established role in intracellular 
energy metabolism, phosphorylation, and nucleic acid synthesis, also are important extracellular 

1 5 signaling molecules. P2Y metabotropic receptors are GPCRs that mediate the effects of extracellular 
nucleotides to regulate a Avide variety of physiological processes. At least ten subfamilies of P2Y 
receptors have been identified. These receptor subfamihes differ greatly in their sequences and in their 
nucleotide agonist selectivities and efficacies. 

It has been demonstrated that the P2Y1 receptors are strongly expressed in the brain, but the 

20 P2Y2, P2Y4 and P2Y6 receptors are also present. The localisation of one or more of these subtypes on 
neurons, on glia cells, on brain vasculature or on ventricle ependimal cells was found by in situ mRNA 
hybridisation and studies on those cells in culture. The P2Y1 receptors are prominent on neurons. The 
couplmg of certain P2Y receptor subtypes to N-type Ca2+ channels or to particular K+ channels was 
also demonstrated. 

25 It has also been demonstrated that several P2Y receptors mediate potent growtii stimulatory 

effects on smooth muscle cells by stimulating intracellular pathways including Gq-proteins, protein 
kinase C and tyrosine phosphoryiaton, leading to increased immediate early gene expression, cell 
number, DNA and protein synthesis. It has been further demonstrated that P2Y regulation plays a 
mitogenic role in response to the development of artherosclerosis. 

30 It has further been demonstrated that P2Y receptors play a critical role in cystic fibrosis. The 

\'n1iiTTie and composition of the liquid that lines the airv^^ay surface is modulated by active transport of 

<.i:>t)it:lcrai K'LciHo: - Lii .a p\ «.Lit.?:u>t> .i^lhl i ii .^n .^^^.h^u. . ..^ . . v . ....... ^ 
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nucleotides present in the airway surface liquid act on luminal P2Y receptors to control both Cl- 
secretion and Na+ absorption. Since nucleotides are released ha a regulated manner from airway 
epithelial cells, it is likely that their control over airway ion transport forms part of an autocrine 
regulatory system localised to the luminal surface of airway epithelia. In addition to this physiological 
5 role, P2 Y receptor agonists have the potential to be of crucial benefit m the treatment of CF, a disorder 
of epitheUal ion transport. The airways of people with CF have defective CI- secretion and abnormally 
high rates of Na+ absorption. Since P2Y receptor agonists can regulate both these ion transport 
pathways they have the potential to pharmacologically bypass the ion transport defects in CF. 

10 Chemokine recentors: 

The chemokines are structurally related proteins that act as chemoattractants and activators 
of lymphocytes and phagocytes. There are 2 separate families of chemokmes differentiated by the 
location of the first 2 of 4 conserved cysteine residues. The alpha family is distinguished by the fact 
that the first 2 cysteines are separated by a single amino acid (CXC), while in the beta family the 

15 cysteines are adjacent (CC). The majority of the alpha chemokines, which includes IL8, target 
neutrophils, while the beta family members act largely upon monocytes. Members of the beta- 
chemokme family include macrophage inflammatory protein 1 alpha (MlPl-alpha), MBPl-beta, 
RANTES (regulated on activation, normal T expressed and secreted), MCP-1 (monocyte 
chemoattractant protein 1), MCP-2, MCP-3 and 1-309. Receptors for chemokines have been cloned 

20 which have features of the G protein-coupled receptors. 

Acute Ixmg injury and the adult respiratory distress syndrome complicate many disease 
states. The mechanisms underlying this syndrome are unresolved, but the imiform pathologic 
features of adult respiratory distress syndrome involve sequestration of activated inflammatory cells 
within the lung, pulmonary microvascular injury, and leakage of intravascular fluid into the tissue 

25 spaces. In rodents, a model of these processes dependent on the initiation of acute pancreatitis is 
produced by overstimulation of pancreatic exocrine acinar cells with a cholecystokinin analog. 
Gerard et al. (1997) demonstrated that targeted disruption of the CCRl receptor is associated with 
protection from pulmonary inflammation secondary to acute pancreatitis in the mouse. The 
protection from lung injury is associated with decreased levels of TNF-alpha in a temporal sequence 

30 indicating that the activation of the CCRl receptor is an early event in the systemic inflammatory 
response syndrome. 

Identification of the CC-chemokines RANTES, MIPl -alpha, and MIPKbeta as suppressor 
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wth CD4 in HIV-1 infection. Additional receptors, CCR2 and CCR3, were also implicated as HIV- 
1 co-receptors on certain cell types. The findings in CCR5 and CXCR4 prompted a search for 
polymorphisms in other chemokine receptor genes that mediate disease progression. Smith et al. 

(1997) identified a val64-to-ile polymorphism (641) in the first transmembrane region of CCR2, at 

5 an allele fi-equency of 1 0 to 15% among Caucasians and African Americans. Studies of 2 cohorts of 
AIDS patients showed that the CCR2-64I aUele exerted no influence on the incidence of HIV-1 
infection, but that HIV-1 infected persons carrying the 641 allele progressed to AIDS 2 to 4 years 
later than persons homozygous for the more common allele. Rapid progression of less than 3 years 
from HIV-1 exposure to onset of ADS symptoms in an estimated 38 to 45% of AIDS patients 

1 0 could be attributed to their wildtype status at one or the other of these loci, whereas the survival of 
28 to 29% of long-term survivors, who avoided AIDS for 1 6 years or more, could be explained by a 
mutant genotype for CCR2 or CCR5. 

Chemokines are proinflammatory cytokines that function in leukocyte chemoattraction and 
activation. In addition to their function in viral disease, as describe above, chemokines have been 

15 implicated in the pathogenesis of atherosclerosis. Expression of the CC chemokine MCPl is 
upregulated in human atherosclerotic plaques, in arteries of primates on a hypercholesterolemic 
diet, and in vascular endothelial and smooth muscle cells exposed to minimally modified lipids. To 
determine whether MCPl is causally related to the development of atherosclerosis, Boring et al. 

(1998) generated mice that lacked CCR2, the receptor for MCPl, and crossed them with mice null 
20 for the apolipoprotein E gene (APOE), which develop severe atherosclerosis. They found that the 

selective absence of CCR2 decreased lesion formation markedly in apoE mice but had no effect 
on plasma lipid or lipoprotein concentrations. These data revealed a role for MCPl in the 
development of early atherosclerotic lesions and suggested that upregulation of this chemokine by 
minimally oxidized lipids is an important link between hyperUpidemia and fatty streak formation. 

25 For a review of chemokine receptor and seven transmembrane G protein coupled chemoline 

receptor-like protein, see the references of Gerard et al, 1 Clin. Invest. 1 00: 2022-2027, 1997, 
Smith et al, Science 277: 959-965, 1997, Boring et al, Nature 394: 894-897, 1998. 

GPCRs, particularly members of the chemokine receptor subfamily of the present invention 
which has seven transmembrane domains, are a major target for drug action and development. 

30 Accordmgly, it is valuable to the field of pharmaceutical development to identify and characterize 
previously unknown GPCRs. The present invention advances the state of the art by providing a 
previously unidentified human GPCR. 
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SUMMARY OF THE INVENTION 

The present invention is based in part on the identification of nucleic acid sequences that 
encode amino acid sequences of human GPCR peptides and proteins that are related to the 
chemokine receptor subfamily, allelic variants thereof and other mammalian orthologs thereof 
5 These unique peptide sequences, and nucleic acid sequences that encode these peptides, can be used 
as models for the development of human therapeutic targets, aid in the identification of therapeutic 
proteins, and serve as targets for the development of human therapeutic agents. 

The proteins of the present inventions are GPCRs that participate in signahng pathways 
mediated by the chemokine receptor subfamily in cells that express these proteins. Experimental data 

1 0 as provided in Figure 1 indicates expression in the brain, heart, lung, uterus, placenta and thyroid of 
human being. As used herein, a "signaling pathway" refers to the modulation (e.g., stimulation or 
inhibition) of a cellular function/activity upon the binding of a ligand to the GPCR protein. Examples 
of such functions include mobilization of intracellular molecules that participate in a signal 
transduction pathway, e.g., phosphatidylinositol 4,5-bisphosphate (PIP2), inositol 1 ,4,5-triphosphate 

1 5 (IPs) and adenylate cyclase; polarization of the plasma membrane; production or secretion of 

molecules; alteration in the structure of a cellular component; cell proliferation, e.g., synthesis of DNA; 
cell migration; cell differentiation; and cell survival 

The response mediated by the receptor protein depends on the type of cell it is expressed on. 
Some information regarding the types of cells that express other members of the subfamily of GPCRs 

20 of the present invention is aheady known in the art (see references cited in Background and 

information regarding closest homologous protem provided in Figure 2; Experimental data as provided 
in Figure 1 indicates expression in the brain, heart, lung, uterus, placenta and thyroid of human being. 
), For example, in some cells, binding of a ligand to the receptor protein may stimulate an activity such 
as release of compounds, gating of a channel, cellular adhesion, migration, diflferentiation, etc., through 

25 phosphatidylinositol or cyclic AMP metabolism and turnover while in other cells, the binding of the 
ligand will produce a different result. Regardless of the cellular activity/response modulated by the 
particular GPCR of the present invention, a skilled artisan will clearly know that the receptor protein is 
a GPCR and interacts with G proteins to produce one or more secondary signals, in a variety of 
intracellular signal transduction pathways, e.g., through phosphatidylinositol or cyclic AMP 

30 metabolism and turnover, in a cell thus participating in a biological process in the cells or tissues that 
express the GPCR. Experimental data as provided in Figure 1 indicates that GPCR proteins of the 
. .pfi-nn ,.y^p-.r..-,o'^ fj^e hniH. heart, lunc etc Specificallv. a virtual northern blot shows 
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As used herein, "phosphatidylinositol turnover and metabolism" refers to the molecules 
involved in the turnover and metabolism of phosphatidylinositol 4,5-bisphosphate (PIP2) as well as to 
the activities of these molecules. PIP2 is a phosphoUpid found in the cytosolic leaflet of the plasma 
membrane. Binding of ligand to the receptor activates, in some cells, the plasma-membrane enzyme 
5 phospholipase C that in turn can hydrolyze PIP2 to produce 1 ,2-diacyiglyceroI (DAG) and inositol 
1,4,5-triphosphate (IP3). Once formed IP3 can difiuse to the endoplasmic reticulum surface where it 
can bind an IP3 receptor, e.g., a calcium channel protein containing an IP3 binding site. IP3 binding can 
induce opening of the channel, allowing calcium ions to be released into the cytoplasm. IP3 can also be 
phosphorylated by a specific kinase to form inositol 1,3,4,5-tetraphosphate (TP4), a molecule that can 

1 0 cause calcium entry into the cytoplasm fi-om the extracellular medium. IP3 and IP4 can subsequently be 
hydrolyzed very rapidly to the inactive products inositol 1,4-biphosphate (IP2) and inositol 1,3,4- 
triphosphate, respectively. These inactive products can be recycled by the cell to synthesize PIP2. The 
other second messenger produced by the hydrolysis of PIP2, namely 1,2-diacylglycerol (DAG), 
remains in the cell membrane where it can serve to activate the en2yme protein kinase C. Protemt 

1 5 kinase C is usually found soluble in the cytoplasm of the cell, but upon an increase in the intracellular 
calcium concentration, this enzyme can move to the plasma membrane v^ere it can be activated by 
DAG. The activation of protein kinase C in different cells results in various cellular responses such as 
the phosphorylation of glycogen synthase, or the phosphorylation of various transcription factors, e.g., 
NF-kB. The language "phosphatidylinositol activity", as used herein, refers to an activity of PIP2 or 

20 one of its metabolites. 

Another signaling pathway in which the receptor may participate is the cAMP turnover 
pathway. As used herein, "cyclic AMP turnover and metabolism" refers to the molecules involved 
in the turnover and metabolism of cyclic AMP (cAMP) as well as to the activities of these 
molecules. Cyclic AMP is a second messenger produced in response to ligand-induced stimulation 

25 of certain G protein coupled receptors. In the cAMP signaling pathway, binding of a ligand to a 
GPCR can lead to the activation of the enzyme adenyl cyclase, which catalyzes the synthesis of 
cAMP. The newly synthesized cAMP can in turn activate a cAMP-dependent protein kinase. This 
activated kinase can phosphor>aate a voltage-gated potassium channel protein, or an associated 
protein, and lead to the inability of the potassium channel to open during an action potential. The 

30 inability of the potassium channel to open results in a decrease in the outward flow of potassium, 
which normally repolarizes the membrane of a neuron, leading to prolonged membrane 
depolarization. 
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data as provided in Figure 1 indicates expression in the brain, heart, lung, uterus, placenta and 
thyroid of human being. Such agonism and antagonism serves as a basis for modulating a 
biological activity in a therapeutic context (mammalian therapy) or toxic context (anti-cell therapy, 
e.g. anti-cancer agent). 

5 

DESCRIPTION OF THE FIGURE SHEETS 

FIGURE 1 provides the nucleotide sequence of a cDNA molecule or transcript sequence 
that encodes the GPCR of the present invention. (SEQ ID NO: 1) In addition, structure and 
functional information is provided, such as ATG start, stop and tissue distribution, where available, 
1 0 that allows one to readily determine specific uses of inventions based on this molecular sequence. 
Experimental data as provided in Figure 1 indicates expression in the brain, heart, lung, uterus, 
placenta and th^Tcid of human being. 

FIGURE 2 provides the predicted amino acid sequence of the kinase of the present 
invention. (SEQ ID N0:2) In addition structure and functional information such as protein family, 
1 5 function, and modification sites is provided where available, allowing one to readily determine 
specific uses of inventions based on this molecular sequence. 

FIGURE 3 provides genomic sequences that span the gene encoding the GPCR protein of 
the present invention. (SEQ ID N0:3) In addition structure and functional information, such as 
intron/exon structure, promoter location, etc., is provided where available, allowing one to readily 
20 determine specific uses of inventions based on this molecular sequence. 



DETAILED DESCRIPTION OF THE INVENTION 

General Description 

The present invention is based on the sequencmg of the human genome. During the 
25 sequencing and assembly of the human genome, analysis of the sequence information revealed . 
previously unidentified fi-agments of the human genome that encode peptides that share structural 
and/or sequence homology to protein/peptide/domains identified and characterized within the art as 
being a GPCR protein or part of a GPCR protein, that are related to the chemokine receptor 
subfamily. Utilizing these sequences, additional genomic sequences were assembled and transcript 
30 and/or cDNA sequences were isolated and characterized. Based on this analysis, the present 
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acid variation (allelic information), tissue distribution of expression, and information about the 
closest art known protein/peptide/domain that has structural or sequence homology to the GPCR of 
the present invention. 

In addition to being previously unknown, the peptides that are provided in the present 
5 invention are selected based on their ability to be used for the development of conunercially 

important products and services. Specifically, the present peptides are selected based on homology 
and/or structural relatedness to known GPCR proteins of the chemokine receptor subfamily and the 
expression pattern observed. Experimental data as provided in Figure 1 indicates expression in the 
bram, heart, lung, uterus, placenta and thyroid of human being. The art has clearly established the 
1 0 commercial importance of members of this family of proteins and proteins that have expression 

patterns shnilar to that of the present gene. Some of the more specific features of the peptides of the 
present invention, and the uses thereof, are described herein, particularly in the Background of the 
Invention and in the annotation provided in the Figures, and/or are known within the art for each of 
the known chemokine family or subfamily of GPCR proteins. 

15 

Specific Embodiments 
Peptide Molecules 

The present invention provides nucleic acid sequences that encode protein molecules that 
have been identified as being members of the GPCR family of proteins and are related to the 

20 chemokine receptor subfamily (protein sequences are provided m Figure 2, transcript/cDNA 

sequences are provided in Figure 1 and genomic sequences are provided in Figure 3). The peptide 
sequences provided in Figure 2, as well as the obvious variants described herein, particularly allelic 
variants as identified herein and using the information in Figure 3, will be referred herein as the 
GPCR peptides of the present invention, GPCR peptides, or peptides/proteins of the present 

25 invention. 

The present invention provides isolated peptide and protein molecules that consist of, 
consist essentially of, or comprise the amino acid sequences of the GPCR peptides disclosed in the 
Figure 2, (encoded by the nucleic acid molecule shown in Figure 1, transcript/cDNA or Figure 3, 
genomic sequence), as well as all obvious variants of these peptides that are within the art to make 
30 and use. Some of these variants are described in detail below. 

As used herein, a peptide is said to be "isolated" or "purified" when it is substantially free of 

14 
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based on the intended use. The critical feature is that the preparation allows for the desired function of 
the peptide, even if in the presence of considerable amounts of other components (the features of an 
isolated nucleic acid molecule is discussed below). 

In some uses, "substantially free of cellular material" includes preparations of the peptide 
5 having less than about 30% (by dry weight) other proteins (i.e., contaminating protein), less than about 
20% other proteins, less than about 10% other proteins, or less than about 5% other proteins. When the 
peptide is recombinantly produced, it can also be substantially free of culture medium, i.e., culture 
medium represents less than about 20% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 

1 0 preparations of the peptide in which it is separated from chemical precursors or other chemicals that 
are involved in its synthesis. In one embodiment, the language "substantially free of chemical 
precursors or other chemicals" includes preparations of the GPCR peptide having less than about 30% 
(by dry weight) chemical precursors or otiier chemicals, less than about 20% chemical precursors or 
other chemicals, less than about 10% chemical precursors or other chemicals, or less tiian about 5% 

1 5 chemical precursors or other chemicals. 

The isolated GPCR peptide can be purified from cells that naturally express it, purified fiom 
cells that have been altered to express it (recombinant), or synthesized using known protem syntiiesis 
methods. Experimental data as provided in Figure 1 indicates expression in the brain, heart, lung, 
uterus, placenta and thyroid of human being. For example, a nucleic acid molecule encoding the 

20 GPCR peptide is cloned into an expression vector, tiie expression vector introduced mto a host cell and 
the protein expressed in the host cell. The protein can tiien be isolated from the cells by an appropriate 
purification scheme using standard protein purification techniques. Many of these techniques are 
described in detail below. 

Accordingly, tiie present invention provides proteins that consist of the amino acid sequences 

25 provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by tiie transcript/cDNA nucleic 
acid sequences shown in Figure 1 (SEQ ED NO: 1 ) and tiie genomic sequences provided in Figure 3 
(SEQ ID N0:3). The amino acid sequence of such a protein is provided in Figure 2. A protein 
consists of an amino acid sequence when the amino acid sequence is the final amino acid sequence of 
the protein. 

30 The present invention fiirther provides proteins tiiat consist essentially of the amino acid 

sequences provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by the transcript/cDNA 
nucleic acid sequences shown in Figure 1 (SEQ ID NO:l) and tiie genomic sequences provided in 
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1 to about 100 or so additional residues, typically from 1 to about 20 additional residues in the final 
protein. 

The present invention further provides proteins that comprise the amino acid sequences 
provided in Figure 2 (SEQ ID N0:2), for example, proteins encoded by the transcript/cDNA nucleic 
5 acid sequences shown in Figure 1 (SEQ ID N0:1) and the genomic sequences provided in Figure 3 
(SEQ ID N0:3). A protein comprises an amino acid sequence when the amino acid sequence is at 
least part of the final amino acid sequence of the protein. In such a fashion, the protein can be only the 
peptide or have additional amino acid molecules, such as amino acid residues (contiguous encoded 
sequence) that are naturally associated with it or heterologous amino acid residues/peptide sequences. 

1 0 Such a protein can have a few additional amino acid residues or can comprise several hundred or more 
additional amino acids. The preferred classes of proteins that are comprised of the GPCR peptides of 
the present invention are the naturally occurring mature proteins. A brief description of how various 
types of these proteins can be made/isolated is provided below. 

The GPCR peptides of the present invention can be attached to heterologous sequences to form 

1 5 chimeric or fusion proteins. Such chimeric and fusion proteins comprise a GPCR peptide operatively 
linked to a heterologous protein having an amino acid sequence not substantially homologous to the 
GPCR peptide. "Operatively linked" indicates that the GPCR peptide and the heterologous protein are . 
fused in-frame, fhe heterologous protem can be fused to the N-terminus or C-tenninus of the GPCR 
peptide. 

20 In some uses, the fusion protein does not affect the activity of the GPCR peptide per se. For 

example, the fiision protein can include, but is not limited to, enzymatic fusion proteins, for example 
beta-galactosidase fusions, yeast two-hybrid GAL fusions, poly-His fusions, MYC-tagged, Hl-tagged 
and Ig fusions. Such fusion proteins, particularly poly-His fusions, can facilitate the purification of 
recombinant GPCR peptide. In certain host cells (e.g., mammalian host cells), expression and/or 

25 secretion of a protein can be increased by using a heterologous signal sequence. 

A chimeric or fiision protein can be produced by standard recombinant DNA techniques. For 
example, DNA fragments coding for the different protein sequences are ligated together in-frame in 
accordance v.ith conventional techniques, hi another embodiment, the fusion gene can be synthesized 
by conventional techniques includmg automated DNA synthesizers. Alternatively, PGR amplification 

30 of gene fragments can be carried out using anchor primers which give rise to complementary 

overhangs between two consecutive gene fragments which can subsequently be annealed and re- 
amplified to generate a chimeric gene sequence (see Ausubel et aL, Current Protocols in Molecular 
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fiision moiety (e.g., a GST protein). A GPCR peptide-encoding nucleic acid can be cloned into such 
an expression vector such that the fusion moiety is linked in-frame to the GPCR peptide. 

As mentioned above, the present invention also provides and enables obvious variants of the 
amino acid sequence of the proteins of the present invention, such as naturally occurring mature forms 
5 of the peptide, allelic/sequence variants of the peptides, non-naturally occurring recombinantly derived 
variants of the peptides, and orthologs and paralogs of the peptides. Such variants can readily be 
generated nj^ing art-knovwi techniques in the fields of recombinant nucleic acid technology and protein 
biochemistry. It is understood, however, that variants exclude any amino acid sequences disclosed 
prior to the invention. 

1 0 Such variants can readily be identified/made using molecular techniques and the sequence 

information disclosed herein. Further, such variants can readily be distinguished jfrom other peptides 
based on sequence and/or structural homology to the GPCR peptides of the present invention. The 
degree of homology/identity present will be based primarily on whether the peptide is a functional 
variant or non-functional variant, the amount of divergence present in the paralog family and the 

1 5 evolutionaiy distance between the orthologs. - ^ 

To determine the percent identity of two amino acid sequences or two nucleic acid 
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced 
in one or both of a first and a second amino acid or nucleic acid sequence for optimal alignment and 
non-homologous sequences can be disregarded for comparison purposes). In a preferred 

20 embodiment, the length of a reference sequence aligned for comparison purposes is at least 30%, 
40%, 50%, 60%, 70%, 80%, or 90% or more of the length of the reference sequence. The amino 
acid residues or nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second sequence, then the molecules are identical at 

25 that position (as used herein amino acid or nucleic acid "identity" is equivalent to amino acid or 
nucleic acid "homology"). The percent identity between the two sequences is a function of the 
number of identical positions shared by the sequences, taking into account the number of gaps, and 
the length of each gap, which need to be introduced for optimal alignment of the two sequences. 

The comparison of sequences and determination of percent identity and similarity between 

30 two sequences can be accomplished using a mathematical algorithm. {Computational Molecular 

Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and 
Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993; Computer Analysis of 
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Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991). In a 
preferred embodiment, the percent identity between two amino acid sequences is determined using 
tbe Needleman and Wunsch {J. Mol Biol (48):444-453 (1970)) algorithm which has been 
incorporated into the GAP program in the GCG software package (available at 
5 http://www.gcg.com), using either a Blossom 62 matrix or a PAM250 matrix, and a gap weight of 
16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred 
embodiment, the percent identity between tvs'o nucleotide sequences is determined using the GAP 
program m the GCG software package pevereux, J., et al, Nucleic Acids Res. 12(1)'3%1 (1984)) 
(available at http://www.gcg.com), using aNWSgapdna.CMP matrix and a gap weight of 40, 50, 
10 60, 70, or 80 and a length weight of 1 , 2, 3, 4, 5, or 6. In another embodiment, the percent identity 
between two amino acid or nucleotide sequences is determined using the algorithm of E. Meyers 
and W. Miller (CABIOS, 4:11-17 (1 989)) which has been incorporated into the ALIGN program 
(version 2,0), using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 
4. 

1 5 The nucleic acid and protein sequences of the present invention can further be used as a 

"query sequence" to perform a search against sequence databases to, for example, identify other 
family members or related sequences. Such searches can be performed usuig the NBLAST and 
XBLAST programs (version 2.0) of Altschul, et al. (J. Mol Biol 21 5:403-10 (1990)). BLAST 
nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 to 

20 obtain nucleotide sequences homologous to the nucleic acid molecules of the invention. BLAST 
protein searches can be performed with the XBLAST program, score = 50, wordlength = 3 to obtaui 
amino acid sequences homologous to the proteins of the invention. To obtain gapped alignments 
for comparison purposes, Gapped BLAST can be utilized as described in Altschul et al. {Nucleic 
AcidsRes, 25(17):3389-3402 (1997)). When utilizing BLAST and gapped BLAST programs, the 

25 default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used. 

Full-length pre-processed forms, as well as mature processed forms, of proteins that comprise 
one of the peptides of the present invention can readily be identified as having complete sequence 
identity to one of the GPCR peptides of the present invention as well as being encoded by the same 
genetic locus as the GPCR peptide provided herein. Mapping position in Figure 3 shows that the 

30 GPCR of the present invention is encoded by a gene on chromosome 12 near markers SHGC-64103 
(LOD scores of 6.12), SHGC-56772 (LOD scores of 6.12) and SHGC-34758 (LOD scores of 6.06). 

Allelic variants of a GPCR peptide can readily be identified as being a human protein having a 
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can readily be determined based on the genomic information provided in Figure 3, such as the genomic 
sequence mapped to the reference human. Mapping position in Figure 3 shows that the GPCR of the 
present invention is encoded by a gene on chromosome 12 near markers SHGC-64103 (LOD scores of 
6.12), SHGC-56772 (LOD scores of 6.12) and SHGC-34758 (LOD scores of 6.06). As used herein, 
5 two proteins (or a region of the proteins) have significant homology when the amino acid sequences 
are typically at least about 70-80%, 80-90%, and more t>Tpically at least about 90-95% or more 
homologous. A significantly homologous amino acid sequence, according to the present invention, 
will be encoded by a nucleic acid sequence that will hybridize to a GPCR peptide encoding nucleic 
acid molecule under stringent conditions as more fully described below. 

10 

Paralogs of a GPCR peptide can readily be identified as having some degree of significant 
sequence homology/identity to at least a portion of the GPCR peptide, as being encoded by a gene 
from humans, and as having similar activity or function. Two proteins will typically be considered 
paralogs when the amino acid sequences are typically at least about 60% or greater, and more 

1 5 typically at least about 70% or greater homology through a given region or domain. Such paralogs 
will be encoded by a nucleic acid sequence that will hybridize to a GPCR peptide encoding nucleic 
acid molecule under moderate to stringent conditions as more fully described below. 

Orthologs of a GPCR peptide can readily be identified as havuig some degree of significant 
sequence homology/identity to at least a portion of the GPCR peptide as well as being encoded by a 

20 gene fi"om another organism. Preferred orthologs will be isolated fi-om mammals, preferably primates, 
for the development of human therapeutic targets and agents. Such orthologs will be encoded by a 
nucleic acid sequence that will hybridize to a GPCR peptide encoding nucleic acid molecule under 
moderate to stringent conditions, as more fully described below, depending on the degree of 
relatedness of the two organisms yielding the proteins. 

25 Non-naturally occurring variants of the GPCR peptides of the present invention can readily be 

generated using recombinant techniques. Such variants include, but are not limited to deletions, 
additions and substitutions in the amino acid sequence of the GPCR peptide. For example, one class of 
substitutions are conserved amino acid substitution. Such substitutions are tliose that substitute a given 
amino acid in a GPCR peptide by another amino acid of like characteristics. Typically seen as 

30 conservative substitutions are the replacements, one for another, among the aliphatic amino acids Ala, 
Val, Leu, and fle; interchange of the hydroxyl residues Ser and Thr; exchange of the acidic residues 
Asp and Glu; substitution between the amide residues Asn and Gin; exchange of the basic residues Lys 
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amino acid changes are likely to be phenotypically silent are found in Bowie et al. Science 247:1306- 
1310(1990). 

Variant GPCR peptides can be fully fimctional or can lack function in one or more activities, 
e.g. ability to bind ligand, ability to bind G-protein, ability to mediate signaling, etc. Fully functional 
5 variants typically contain only conservative variation or variation in non-critical residues or in non- 
critical regions. Figure 2 provides the result of protein analysis that identifies critical domains/regions. 
Functional variants can also contain substitution of similar amino acids that result in no change or an 
insignificant change in function. Alternatively, such substitutions may positively or negatively affect 
function to some degree. 

1 0 Non-functional variants typically contain one or more non-conservative amino acid 

substitutions, deletions, insertions, inversions, or truncation or a substitution, insertion, inversion, or 
deletion in a critical residue or critical region. 

Amino acids that are essential for function can be identified by methods known in the art, such 
as site-directed mutagenesis or alanine-scanning mutagenesis (Cunningham et al, Science 2^^:1081- 

1 5 1085 (1989)), particularly using the results provided in Figure 2. The latter procedure introduces single 
alanine mutations at every residue in the molecule. The resulting mutant molecules are then tested for 
biological activity such as ligand/effector molecule binding or in assays such as an in vitro proliferative 
activity. Sites that are critical for ligand-receptor binding can also be determined by stmctural analysis 
such as crystallization, nuclear magnetic resonance or photoaffinity labeling (Smith et al, J. Mol Biol 

20 22^:899-904 (1992); de Vos et al Science 255:306-312 (1992)). 

The present invention further provides fi-agments of the GPCR peptides, in addition to proteins 
and peptides that comprise and consist of such fi-agments, particularly those comprising the residues 
identified in Figure 2. The fragments to which the invention pertains, however, are not to be construed 
as encompassing fragments that may be disclosed publicly prior to the present invention. 

25 As used herein, a firagment comprises at least 8, 10, 12, 14, 16, or more contiguous amino acid 

residues from a GPCR peptide. Such fragments can be chosen based on the ability to retain one or 
more of tiie biological activities of tiie GPCR peptide or could be chosen for tiie ability to perform a 
function, e.g. ability to bind ligand or effector molecule or act as an immunogen. Particularly 
important fragments are biologically active fragments, peptides which are, for example, about 8 or 

30 more amino acids in length. Such fragments will typically comprise a domain or motif of the GPCR 
peptide, e.g., active site, a G-protein binding site, a transmembrane domain or a ligand-binding 
domain. Further, possible fi-agments include, but are not limited to, domain or motif containing 
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available to those of skill in the art (e.g., PROSITE analysis), l^he results of one such analysis are 
provided in Figure 2. 

Polypeptides often contain amino acids other than the 20 amino acids commonly referred to as 
the 20 naturally occurring amino acids. Further, many amino acids, including the terminal amino 
5 acids, may be modified by natural processes, such as processing and other post-translational 

modifications, or by chemical modification techniques well known in the art. Common modifications 
that occur naturally in GPCR peptides are described in basic texts, detailed monographs, and the 
research literature, and they are well known to those of skill in the art(some of these features are 
identified in Figure 2). 

10 Known modifications include, but are not limited to, acetylation, acylation, ADP-ribosylation, 

amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent attachment 
of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, 
demethylation, formation of covalent crosslinks, formation of cystine, formation of pyroglutamate, 

1 5 formylation, gamma carboxylation, glycosylation, GPI anchor formation, hydroxylation, iodination, 
methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, 
racemization, selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins such 
as arginylation, and ubiquitination. 

Such modifications are well-known to those of skill in the art and have been described in great 

20 detail in the scientific literature. Several particularly common modifications, glycosylation, lipid 
attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation and ADP- 
ribosylation, for instance, are described in most basic texts, such as Proteins - Structure and Molecular 
Properties, 2nd Ed., T.E. Creighton, W. H. Freeman and Company, New Yoric (1993). Many detailed 
reviews are available on this subject, such as by Wold, F., Posttranslational Covalent Modification of 

25 Proteins, B.C. Johnson, Ed., Academic Press, New York 1-12 (1983); Seifter et al (Meth. Emymol 
182: 626-646 (1990)) and Rattan et al {Ann. K K Acad, Sci. 663M-62 (1992)). 

Accordingly, the GPCR peptides of the present invention also encompass derivatives or 
analogs in which a substituted amino acid residue is not one encoded by the genetic code, in which a 
substituent group is included, m which the mature GPCR peptide is fused with another compound, 

30 such as a compound to increase tiie half-life of the GPCR peptide (for example, polyethylene glycol), 
or in which the additional amino acids are fused to the mature GPCR peptide, such as a leader or 
secretory sequence or a sequence for purification of the mature GPCR peptide or a pro-protein 
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Protein/Pcptidc Uses 

The proteins of the present mvention can be used in substantial and specific assays related to 
the ftmctional information provided in the Figures and Back Ground Section; to raise antibodies or 
to elicit another immune response; as a reagent (including the labeled reagent) in assays designed to 
5 quantitatively determine levels of the protein (or its binding partner or receptor) in biological fluids; 
and as markers for tissues in which the corresponding protein is preferentially expressed (either 
constitutively or at a particular stage of tissue differentiation or development or in a disease state). 
Where the protein binds or potentially binds to another protein (such as, for example, in a receptor- 
ligand interaction), the protein can be used to identify the binding partner so as to develop a system 

1 0 to identify inhibitors of the binding interaction. Any or all of these research utilities are capable of 
being developed into reagent grade or kit format for commercialization as commercial products. 

Methods for perfomting the uses listed above are well known to those skilled in the art. 
References disclosing such methods. include "Molecular Cloning: A Laboratory Manual", 2d ed., 
Cold Spring Harbor Laboratory Press, Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989, and 

15 "Methods in Enzymology: Guide to Molecular Cloning Techniques", Academic Press, Berger, S. L. 
and A. R, Kinunel eds., 1987. 

The potential uses of the peptides of the present invention are based primarily on the source 
of the protein as well as the class/action of the protein. For example, GPCRs isolated from humans 
and their human/mammalian orthologs serve as targets for identifying agents for use in mammaUan 

20 therapeutic applications, e.g. a human drug, particularly in modulating a biological or pathological 
response in a cell or tissue that expresses tiie GPCR. Experimental data as provided in Figure 1 
indicates that GPCR proteins of the present invention are expressed in the brain, heart, lung etc. 
Specifically, a virtual northem blot shows expression the brain, heart, lung, utems, placenta and 
thyroid of human being. Approximately 70% of all pharmaceutical agents modulate the activity of 

25 a GPCR. A combination of the invertebrate and mammalian ortholog can be used in selective 
screening methods to find agents specific for mvertebrates. The structural and functional 
information provided in the Background and Figures provide specific and substantial uses for the 
molecules of the present invention, particularly in combination with the expression information 
provided in Figure 1 . Experimental data as provided in Figure 1 indicates expression in the brain, 

30 heart, lung, uterus, placenta and thyroid of human being. Such uses can readily be determined using 
the information provided herein, that known in the art and routine experimentation. 

The proteins of the present invention (including variants and fragments that may have been 

. idled ;■ : iiL' ;i: K'. - ^ ^ iiK V : A !:.t - k.;;/ i^ v s.*pii M ...i i.iii .. 
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GPCR functions or activities or properties useful for diagnosis and treatment of GPCR-related 
conditions that are specific for the subfamily of GPCRs that the one of the present invention belongs 
to, particularly in cells and tissues that express this receptor. Experimental data as provided in Figure 1 
indicates that GPCR proteins of the present invention are expressed in the brain, heart, lung etc. 
5 Specifically, a virtual northern blot shows expression the brain, heart, lung, uterus, placenta and thyroid 
of human being. 

The proteins of the present invention are also useful in drug screening assays, in cell-based or 
cell-free systems. Cell-based systems can be native, i.e., cells that normally express the receptor 
protein, as a biopsy or expanded in cell culture. Experimental data as provided in Figure 1 indicates 

1 0 expression in the brain, heart, lung, uterus, placenta and thyroid of human being. In an altemate 
embodiment, cell-based assays involve recombinant host cells expressing the receptor protein. 

The polypeptides can be used to identify compounds that modulate receptor activity of the 
protein in its natural state, or an altered form that causes a specific disease or pathology associated with 
the receptor. Both the GPCRs of the present invention and appropriate variants and fragments can be 

1 5 used in high-throughput screens to assay candidate compounds for the ability to bind to the receptor. 
These compounds can be further screened against a functional receptor to determine the effect of the 
compound on the receptor activity. Further, these compounds can be tested in animal or invertebrate 
systems to determine activity/effectiveness. Compounds can be identified that activate (agonist) or 
inactivate (antagonist) the receptor to a desired degree. 

20 Further, the proteins of the present invention can be used to screen a compound for the ability 

to stimulate or inhibit interaction between the receptor protein and a molecule that nomially interacts 
with the receptor protein, e.g. a ligand or a component of the signal pathway that the receptor protein 
normally interacts (for example, a G-protein or other interactor involved m cAMP or 
phosphatidyhnositol turnover and/or adenylate cyclase, or phospholipase C activation). Such assays 

25 typically include the steps of combining the receptor protein witli a candidate compound under 
conditions that allow the receptor protein, or fragment, to interact with the target molecule, and to 
detect the formation of a complex between the protein and the target or to detect tlie biochemical 
consequence of the interaction with the receptor protein and the target, such as any of the associated 
effects of signal transduction such as G-protein phosphor>iation, cAMP or phosphatidyhnositol 

30 turnover, and adenylate cyclase or phosphoUpase C activation. 

Candidate compounds include, for example, 1) peptides such as soluble peptides, including Ig- 
tailed fusion peptides and members of random peptide hbraries (see, e.g., Lam et al. Nature iJ^:82-84 
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random and partially degenerate, directed phosphopeptide libraries, see, e.g., Songyang et al. Cell 
72:161-11% (1993)); 3) antibodies (e.g., polyclonal, monoclonal, humanized, anti-idiotypic, chimeric, 
and single chain antibodies as well as Fab, F(ab')2, Fab expression library fragments, and epitope- 
binding fragments of antibodies); and 4) small organic and inorganic molecules (e.g., molecules 
5 obtained from combinatorial and natural product libraries). 

One candidate compound is a soluble fragment of the receptor that competes for ligand 
binding. Other candidate compounds include mutant receptors or appropriate fragments containing 
mutations that affect receptor function and thus compete for ligand. Accordingly, a fragment that 
competes for ligand, for example with a higher aflBnity, or a fragment that binds ligand but does not 

1 0 allow release, is encompassed by the invention. 

The invention fiirther includes other end point assays to identify compounds that modulate 
(stimulate or inhibit) receptor activity. The assays typically involve an assay of events in the signal 
transduction pathway that indicate receptor activity. Thus, a cellular process such as proliferation, the 
expression of genes that are up- or down-regulated in response to the receptor protein dependent signal 

1 5 cascade, can be assayed. In one embodiment, the regulatory region of such genes can be operably 
linked to a marker that is easily detectable, such as luciferase. 

Any of the biological or biochemical ftmctions mediated by the receptor can be used as an 
endpoint assay. These include all of the biochemical or biochemical/biological events described 
herein, in the references cited herein, incorporated by reference for these endpoint assay targets, and 

20 other fimctions known to those of ordmaiy skill in the art or that can be readily identified using the 
information provided in the Figures, particularly Figure 2. Specifically, a biological function of a cell 
or tissues that expresses the receptor can be assayed. Experimental data as provided in Figure 1 
indicates that GPCR proteins of the present invention are expressed in the brain, heart, lung etc. 
Specifically, a virtual northem blot shows expression the brain, heart, lung, uterus, placenta and thyroid 

25 of human being. 

Binding and/or activating compounds can also be screened by using chimeric receptor protems 
in which the amino terminal extracellular domain, or parts thereof, the entire transmembrane domain or 
subregions, such as any of the seven transmembrane segments or any of the intracellular or 
extracellular loops and the carboxy terminal intracellular domain, or parts thereof, can be replaced by 
30 heterologous domains or subregions. For example, a G-protein-binding region can be used that 

interacts v\dth a different G-protein then that which is recognized by the native receptor. Accordingly, 
a different set of signal transduction components is available as an end-point assay for activation. 
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subregions specific to a host cell that is different jfrom the host cell from which the amino terminal 
extracellular domain and/or the G-protein-binding region are derived. This allows for assays to be 
performed in other than the specific host cell from which the receptor is derived. Altematively, the 
amino terminal extracellular domain (and/or other ligand-binding regions) could be replaced by a 
5 domain (and/or other binding region) binding a different ligand, thus, providing an assay for test 

compounds that interact with the heterologous amino terminal extracellular domain (or region) but still 
cause signal transduction. Finally, activation can be detected by a reporter gene containing an easily 
detectable coding region operably linked to a transcriptional regulatory sequence that is part of the 
native signal transduction pathway. 

10 The proteins of the present invention are also useful in competition binding assays in methods 

designed to discover compounds that hiteract with the receptor Thus, a compound is exposed to a 
receptor polypeptide under conditions that allow the compound to bind or to otherwise interact with the 
polypeptide. Soluble receptor polypeptide is also added to the mixture. If the test compound interacts 
with the soluble receptor polypeptide, it decreases the amount of complex formed or activity from the 

1 5 receptor target. This type of assay is particularly useful in cases in which compounds are sought that 
interact with specific regions of the receptor. Thus, the soluble polypeptide that competes v^fh the 
target receptor region is designed to contain peptide sequences corresponding to the region of interest 
To perform cell free drug screening assays, it is sometimes desirable to immobilize either the 
receptor protein, or fragment, or its target molecule to facilitate separation of complexes from 

20 uncomplexed forms of one or both of the protems, as well as to accommodate automation of the assay. 

Techniques for immobilizing proteins on matrices can be used in the drug screening assays. In 
one embodiment, a fusion protein can be provided which adds a domain that allows the protein to be 
bound to a matrix. For example, glutathione-S-transferase fusion proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St Louis, MO) or glutathione derivatized microtitre 

25 plates, which are then combined with the cell lysates (e.g., ^^S-labeled) and the candidate compound, 
and the mixture incubated under conditions conducive to complex formation (e.g., at physiological 
conditions for salt and pH). Following incubation, the beads are washed to remove any unbound label, 
and the matrix immobilized and radiolabel determined directly, or in the supernatant after the 
complexes are dissociated. Altematively, the complexes can be dissociated from the matrix, separated 

30 by SDS-PAGE, and the level of receptor-binding protein found in the bead fraction quantitated from 
the gel using standard electrophoretic techniques. For example, either the polypeptide or its target 
molecule can be immobilized utilizing conjugation of biotin and streptavidin using techniques well 
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trapped in the wells by antibody conjugation. Preparations of a receptor-binding protein and a 
candidate compound are incubated in the receptor protein-presenting wells and the amount of complex 
trapped in the well can be quantitated. Methods for detecting such complexes, in addition to those 
described above for the GST-immobilized complexes, include immunodetection of complexes usmg 
5 antibodies reactive with the receptor protein target molecule, or which are reactive with receptor 

protein and compete with the target molecule, as well as enzyme-linked assays which rely on detecting 
an enzymatic activity associated with the target molecule. 

Agents that modulate one of the GPCRs of the present invention can be identified using one or 
more of the above assays, alone or in combination. It is generally preferable to use a cell-based or cell 

1 0 free system first and then confirm activity in an animal or other model system. Such model systems 
are well known in the art and can readily be employed in this context. 

Modulators of receptor protein activity identified accordmg to these drug screening assays can 
be used to treat a subject with a disorder mediated by the receptor pathway, by treating cells or tissues 
that express the QPCR. Experimental data as provided in Figure 1 indicates expression in the brain, 

1 5 heart, lung, uterus, placenta and thyroid of human bemg. These methods of treatment include the steps 
of administering a modulator of the GPCR's activity in a pharmaceutical composition to a subject in 
need of such treatment, the modulator being identified as described herein. 

In yet another aspect of the invention, the GPCR proteins can be used as "bait proteins" in a. 
two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,3 17; Zervos et al. (1993) 

20 CW/72:223-232;MaduraetaL(1993)J.5/o/. Chem. 268:12046-12054; Barteletal. (1993) 
Biotechniques 14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696; and Brent 
WO94/10300), to identify other proteins, which bind to or interact with the GPCR and are involved 
in GPCR activity. Such GPCR-binding proteins are also likely to be involved in the propagation of 
signals by the GPCR proteins or GPCR targets as, for example, downstream elements of a GPCR- 

25 mediated signaling pathway. Alternatively, such GPCR-binding proteins are likely to be GPCR 
inhibitors. 

The two-hybrid system is based on the modular nature of most transcription factors, which 
consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two different 
DNA constructs. In one construct, the gene that codes for a GPCR protein is fused to a gene 
30 encoding the DNA binding domain of a known transcription factor (e.g., GAL-4). hi the other 

construct, a DNA sequence, from a library of DNA sequences, that encodes an unidentified protein 
("prey" or "sample") is fused to a gene that codes for the activation domain of the known 
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brought into close proximity. This proximity allows transcription of a reporter gene (e.g., LacZ) 
which is operably linked to a transcriptional regulatory site responsive to the transcription factor. 
Expression of the reporter gene can be detected and cell colonies containing the functional 
transcription factor can be isolated and used to obtain the cloned gene which encodes the protein 
5 which interacts with the GPCR protein. 

This invention further pertains to novel agents identified by the above-described screening 
assays. Accordingly, it is within the scope of this invention to further use an agent identified as 
described herein in an appropriate animal model. For example, an agent identified as described 
herein (e.g., a GPCR modulating agent, an antisense GPCR nucleic acid molecule, a GPCR-specific 

1 0 antibody, or a GPCR-binding partner) can be used in an animal or other model to determine the 
efficacy, toxicity, or side effects of treatment with such an agent. Alternatively, an agent identified 
as described herein can be used in an animal or otiher model to determine the mechanism of action 
of such an agent. Furthermore, this invention pertains to uses of novel agents identified by the 
above-described screening assays for treatments as described herein. 

1 5 The GPCR proteins of the present invention are also useful to provide a target for diagnosing a 

disease or predisposition to disease mediated by the peptide. Accordingly, the invention provides 
methods for detecting the presence, or levels of, the protein (or encoding mRNA) in a cell, tissue, or 
organism. Experimental data as provided in Figure 1 indicates expression in the brain, heart, lung, 
uterus, placenta and thyroid of human being. The method involves contacting a biological sample with 

20 a compoimd capable of interacting with the receptor protein such that the interaction can be detected. 
Such an assay can be provided in a single detection format or a multi-detection format such as an 
antibody chip array. 

One agent for detecting a protein in a sample is an antibody capable of selectively binding to 
protein. A biological sample includes tissues, cells and biological fluids isolated from a subject, as 

25 well as tissues, cells and fluids present within a subject. 

The peptides of the present invention also provide targets for diagnosing active protein activity, 
disease, or predisposition to disease, in a patient having a variant peptide, particularly activities and 
conditions that are known for other members of the family of proteins to which the present one 
belongs. Thus, the peptide can be isolated from a biological sample and assayed for the presence of a 

30 genetic mutation that results in aberrant peptide. This includes amino acid substitution, deletion, 

insertion, rearrangement, (as the result of aberrant splicing events), and inappropriate post-translational 
modification. Analytic methods include altered electrophoretic mobility, altered tryptic peptide digest, 
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useful for detecting mutations in a protein. Such an assay can be provided in a single detection format 
or a multi-detection format such as an antibody chip array. 

In vitro techniques for detection of peptide include enzyiTie linked immunosorbent assays 
(ELISAs), Western blots, immunoprecipitations and immunofluorescence using a detection reagent, 
5 such as an antibody or protein binding agent. Alternatively, the peptide can be detected in vivo in a 
subject by introducing into the subject a labeled anti-peptide antibody or other types of detection agent. 
For example, the antibody can be labeled with a radioactive marker whose presence and location in a 
subject can be detected by standard hnaging techniques. Particularly useful are methods that detect the 
allelic variant of a peptide expressed in a subject and methods which detect jfragments of a peptide in a 
10 sample. 

The peptides are also useful in phaimacogenomic analysis. Pharmacogenomics deal with 
clinically significant hereditaiy variations in the response to dmgs due to altered drug disposition and 
abnormal action in affected persons. See, e.g., Eichelbaum, M. {Clin. Exp. Pharmacol. Physiol. 23(10- 
1 1):983-985 (1996)), and Lmder, M.W. (CliTt Chem. 43(2):254-266 (1997)). The clinical outcomes of 

1 5 these variations result in severe toxicity of therapeutic drugs in certain individuals or therapeutic failure 
of drugs in certain individuals as a result of individual variation in metabolism. Thus, the genotype of 
the individual can determine the way a therapeutic compound acts on the body or the way the body 
metabolizes the compoimd. Further, the activity of drug metabolizing enzymes effects both the 
intensity and duration of drug action. Thus, the pharmacogenomics of the individual permit the 

20 selection of effective compounds and effective dosages of such compounds for prophylactic or 

therapeutic treatment based on the individual's genotype. The discovery of genetic polymorphisms in 
some drug metabolizing enzymes has explained why some patients do not obtain the expected drug 
eflfects, show an exaggerated drug effect, or experience serious toxicity from standard drug dosages. 
Polymorphisms can be expressed in the phenotype of the extensive metabolizer and the phenotype of 

25 the poor metabolizer. Accordingly, genetic polymorphism may lead to allelic protein variants of the 
receptor protein in which one or more of the receptor functions in one population is different from 
tliose in another population. The peptides thus allow a target to ascertain a genetic predisposition that 
can affect treatment modahty. Thus, in a ligand-based treatment, polymorphism may give rise to 
amino terminal extracellular domains and/or other ligand-binding regions that are more or less active in 

30 ligand bindmg, and receptor activation. Accordmgiy, ligand dosage would necessarily be modified to 
maximize the therapeutic effect within a given population containing a polymorphism. As an 
alternative to genotyping, specific polymorphic peptides could be identified. 
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indicates expression in the brain, heart, lung, uterus, placenta and thyroid of human being. 
Accordmgly, methods for treatment include the use of the GPCR protein or fragments. 

Antibodies 

5 The invention also provides antibodies that selectively bind to one of the peptides of the present 

invention, a protein comprising such a peptide, as well as variants and fragments thereof As used 
herein, an antibody selectively binds a target peptide when it binds the target peptide and does not 
significantly bind to unrelated proteins. An antibody is still considered to selectively bind a peptide 
even if it also binds to other proteins that are not substantially homologous with the target peptide so 
10 long as such proteins share homology with a fragment or domain of the peptide target of the antibody. 
In this case, it would be understood that antibody bmding to the peptide is still selective despite some 

u<;/^^w \JJL \^iUM-iwa.wi.j.vii,jr. 

As used herein, an antibody is defined in terms consistent with that recognized within the art: 
they are multi-subunit proteins produced by a mammalian organism in response to an antigen 
1 5 challenge. The antibodies of the present invention include polyclonal antibodies and monoclonal 

antibodies, as well as fragments of such antibodies, including, but not hmited to, Fab or F(ab')2, and Fv 
fragments. 

Many methods are known for generating and/or identifymg antibodies to a given target peptide. 
Several such methods are described by Harlow, Antibodies, Cold Spring Harbor Press, (1989). 
20 In general, to generate antibodies, an isolated peptide is used as an immunogen and is 

administered to a mammalian organism, such as a rat, rabbit or mouse. The fiill-length protein, an 
antigenic peptide fragment or a fiision protein can be used. Particularly important fragments are those 
covering fimctional domains, such as the domains identified in Fig\ire 2, and domain of sequence 
homology or divergence amongst the family, such as those that can readily be identified using protein 
25 alignment methods and as presented in the Figures. 

Antibodies are preferably prepared from regions or discrete fragments of the GPCR 
proteins. Antibodies can be prepared from any region of the peptide as described herem. However, 
preferred regions wall include those involved in function/activity and/or receptor/binding partner 
interaction. Figure 2 can be used to identify particularly important regions while sequence 
30 alignment can be used to identify conserved and unique sequence fragments. 

An antigenic fragment will typically comprise at least 8 contiguous amino acid residues. The 
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located on the surface of the protein, e.g., hydrophilic regions or can be selected based on sequence 
uniqueness (see Figure 2). 

Detection on an antibody of the present invention can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances include various 
5 enzymes, prosthetic groups, fluorescent materials, luminescent materials, bioluminescent materials, 
and radioactive materials. Examples of suitable enzymes include horseradish peroxidase, alkaline 
phosphatase, p-galactosidase, or acetylcholinesterase; examples of suitable prosthetic group complexes 
include streptavidin^iotin and avidin/biotin; examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, 
1 0 dansyl chloride or phycoeiythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include ^^^I, ^^^I, ^^S or ^H. 

Antibodv Uses 

1 5 The antibodies can be used to isolate one of the proteins of the present invention by standard 

techniques, such as affinity chromatography or immunoprecipitation. The antibodies can facilitate the 
purification of the natural protein from cells and recombinantly produced protein expressed in host 
cells. In addition, such antibodies are useful to detect the presence of one of the proteins of the present 
invention in cells or tissues to determine the pattem of expression of the protein among various tissues 

20 in an organism and over the course of noraial development Experimental data as provided in Figure 1 
indicates that GPCR proteins of the present invention are expressed in the brain, heart, lung etc. 
Specifically, a virtual northern blot shows expression the brain, heart, lung, uterus, placenta and thyroid 
of human being. Further, such antibodies can be used to detect protein in situ, in vitro, or in a cell 
lysate or supernatant in order to evaluate the abundance and pattem of expression. Also, such 

25 antibodies can be used to assess abnormal tissue distribution or abnormal expression during 

development or progression of a biological condition. Antibody detection of circulating fragments of 
the full length protein can be used to identify turnover. 

Further, the antibodies can be used to assess expression in disease states such as in active stages 
of the disease or in an individual with a predisposition toward disease related to the protein's function. 

30 When a disorder is caused by an inappropriate tissue distribution, developmental expression, level of 
expression of the protein, or expressed/processed form, the antibody can be prepared against the 
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protein, antibodies specific for this mutant protein can be used to assay for the presence of the specific 
mutant protein. 

The antibodies can also be used to assess normal and aberrant subcellular localization of cells 
in the various tissues in an organism. Experimental data as provided in Figure 1 indicates expression 
5 in the brain, heart, lung, uterus, placenta and thyroid of human being. The diagnostic uses can be 
applied, not only in genetic testing, but also in monitoring a treatment modality. Accordingly, where 
treatment is ultimately aimed at correcting expression level or the presence of aberrant sequence and 
aberrant tissue distribution or developmental expression, antibodies directed against the protein or 
relevant fragments can be used to monitor therapeutic efBcacy. 

1 0 Additionally, antibodies are usefid m pharmacogenomic analysis. Thus, antibodies prepared 

against polymorphic proteins can be used to identify individuals that require modified treatment 
modalities, llie antibodies are also useful as diagnostic tools as an immunological marker for aberrant 
protein analyzed by electrophoretic mobility, isoelectric point, tiyptic peptide digest, and other physical 
assays known to those in the art 

15 The antibodies are also useful for tissue typing. Experimental data as provided in Figure 1 

indicates expression in the brain, heart, lung, uterus, placenta and thyroid of human being. Thus, 
where a specific protein has been correlated with ejqjression in a specific tissue, antibodies that are 
specific for this protein can be used to identify a tissue type. 

The antibodies are also usefid for inhibiting protein function, for example, blocking the binding 

20 of the GPCR peptide to a binding partner such as a ligand. These uses can also be applied in a 

therapeutic context in which treatment involves inhibiting the protein's function. An antibody can be 
used, for example, to block binding, thus modulating (agonizing or antagonizing) the peptides activity. 
Antibodies can be prepared against specific fragments containing sites required for function or against 
intact protein that is associated with a cell or cell membrane. See Figure 2 for stmctural information 

25 relating to the proteins of the present invention. 

The invention also encompasses kits for using antibodies to detect the presence of a protein in a 
biological sample. The kit can comprise antibodies such as a labeled or labelable antibody and a 
compound or agent for detecting protein in a biological sample; means for determining the amount of 
protein in the sample; means for comparing the amount of protein in the sample with a standard; and 

30 instructions for use. Such a kit can be supplied to detect a single protein or epitope or can be configured 
to detect one of a multitude of epitopes, such as in an antibody detection array. Arrays are described in 
detail below for nucleic acid arrays and similar methods have been developed for antibody arrays. 
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Nucleic Acid Molecules 

The present invention further provides isolated nucleic acid molecules that encode a GPCR 
peptide or protein of the present invention (cDNA, transcript and genomic sequence). Such nucleic 
acid molecules will consist of, consist essentially of, or comprise a nucleotide sequence that encodes 
5 one of the GPCR peptides of the present invention, an allelic variant thereof, or an ortholog or paralog 
thereof. 

As used herein, an "isolated" nucleic acid molecule is one that is separated from other nucleic 
acid present in the natural source of the nucleic acid. Preferably, an "isolated" nucleic acid is free of 
sequences which naturally flank the nucleic acid (i.e., sequences located at the 5' and 3' ends of the 

1 0 nucleic acid) in the genomic DNA of the organism from which the nucleic acid is derived. However, 
there can be some flanking nucleotide sequences, for example up to about 5KB, 4KB, 3KB, 2KB, or 
1KB or less, particularly contiguous peptide encoding sequences and peptide encoding sequences 
within the same gene but separated by introns in the genomic sequence. The important point is that the 
nucleic acid is isolated from remote and unimportant flanking sequences such that it can be subjected 

15 to the specific manipulations described herein such as recombinant expression, preparation of probes 
and primers, and other uses specific to the nucleic acid sequences. 

Moreover, an "isolated" nucleic acid molecule, such as a transcript/cDNA molecule, can be 
substantially free of other cellular material, or culture medium when produced by recombinant 
techniques, or chemical precursors or other chemicals when chemically synthesized. However, the 

20 nucleic acid molecule can be fused to other coding or regulatory sequences and still be considered 
isolated. 

For example, recombinant DNA molecules contained in a vector are considered isolated. 

Fxirther examples of isolated DNA molecules include recombinant DNA molecules maintained in 

heterologous host cells or purified (partially or substantially) DNA molecules in solution. Isolated 
25 RNA molecules include in vivo or in vitro RNA transcripts of the isolated DNA molecules of the 

present invention. Isolated nucleic acid molecules according to the present invention further include 

such molecules produced synthetically. 

Accordingly, the present invention provides nucleic acid molecules that consist of the 

nucleotide sequence shown in Figure 1 or 3 (SEQ ID N0:1, transcript sequence and SEQ ID N0:3, 
30 genomic sequence), or any nucleic acid molecule that encodes the protein provided in Figure 2, SEQ 

ID N0:2. A nucleic acid molecule consists of a nucleotide sequence when the nucleotide sequence is 

the comnlete nucleotide sequence of the nucleic acid molecule. 
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genomic sequence), or any nucleic acid molecule that encodes the protein provided in Figure 2, SEQ 
ID N0:2. A nucleic acid molecule consists essentially of a nucleotide sequence when such a 
nucleotide sequence is present with only a few additional nucleic acid residues in the final nucleic acid 
molecule. 

5 TTie present invention further provides nucleic acid molecules that comprise the nucleotide 

sequences shown in Figure 1 or 3 (SEQ ID N0:1, transcript sequence and SEQ ID N0:3, genomic 
sequence), or any nucleic acid molecule that encodes the protein provided in Figure 2, SEQ ID N0:2. 
A nucleic acid molecule comprises a nucleotide sequence wiien the nucleotide sequence is at least part 
of the final nucleotide sequence of the nucleic acid molecule. In such a fashion, the nucleic acid 

1 0 molecule can be only the nucleotide sequence or have additional nucleic acid residues, such as nucleic 
acid residues that are naturally associated with it or heterologous nucleotide sequences. Such a nucleic 
acid molecule can have a few additional nucleotides or can comprises several hundred or more 
additional nucleotides. A brief description of how various types of these nucleic acid molecules can be 
readily made/isolated is provided below. 

1 5 In Figures 1 and 3, both coding and non-coding sequences are provided. Because of the 

source of the present invention, human genomic sequences (Figure 3) and cDNA/transcript 
sequences (Figure 1), the nucleic acid molecules in the Figures will contain genomic mtronic 
sequences, 5' and 3' non-coding sequences, gene regulatory regions and non-coding intergenic 
sequences. In general such sequence features are either noted in Figures 1 and 3 or can readily be 

20 identified using computational tools known in the art. As discussed below, some of the non-coding, 
regions, particularly gene regulatory elements such as promoters, are useful for a variety of 
purposes, e.g. control of heterologous gene expression, target for identifying gene activity 
modulating compounds, and are particularly claimed as fragments of the genomic sequence 
provided herein. 

25 The isolated nucleic acid molecules can encode the mature protein plus additional amino or 

carboxyl-terminal amino acids, or amino acids interior to the mature peptide (when the mature form 
has more than one peptide chain, for instance). Such sequences may play a role in processing of a 
protem from precursor to a mature form, facilitate protein trafficking, prolong or shorten protein half- 
life or facilitate manipulation of a protem for assay or production, among other things. As generally is 

30 the case in situ, the additional amino acids may be processed away from the mature protein by cellular 
enzymes. 

As mentioned above, the isolated nucleic acid molecxiles include, but are not limited to, the 
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sequence encoding the mature peptide, wth or without the additional coding sequences, plus additional 
non-coding sequences, for example mtrons and non-coding 5' and 3' sequences such as transcribed but 
non-translated sequences that play a role in transcription, mRNA processing (including splicing and 
polyadenylation signals), ribosome binding and stability of mRNA. In addition, the nucleic acid 
5 molecule may be fused to a marker sequence encoding, for example, a peptide that facihtates 
puriJScation. 

Isolated nucleic acid molecules can be in the form of RNA, such as mRNA, or in the form 
DNA, including cDNA and genomic DNA obtained by cloning or produced by chemical synthetic 
techniques or by a combination thereof. The nucleic acid, especially DNA, can be double-stranded or 

10 single-stranded. Single-stranded nucleic acid can be the coding strand (sense strand) or the non-coding 
strand (anti-sense strand). 

The invention further provides nucleic acid molecules that encode fragments of the peptides of 
the present invention as well as nucleic acid molecules that encode obvious variants of the GPCR 
protems of the present invention that are described above. Such nucleic acid molecules may be 

1 5 naturally occurring, such as allelic variants (same locus), paralogs (different locus), and orthologs 
(different organism), or may be constructed by recombinant DNA methods or by chemical synthesis. 
Such non-naturally occurring variants may be made by mutagenesis techniques, including those 
apphed to nucleic acid molecules, cells, or organisms. Accordingly, as discussed above, the variants 
can contain nucleotide substitutions, deletions, inversions and insertions. Variation can occur in either 

20 or both the coding and non-coding regions. Hie variations can produce both conservative and non- 
conservative amino acid substitutions. 

The present invention further provides non-coding fragments of the nucleic acid molecules 
provided in Figures 1 and 3. Preferred non-coding fragments mclude, but are not limited to, promoter 
sequences, enhancer sequences, gene modulating sequences and gene termination sequences. Such 

25 fragments are usefril in controUing heterologous gene expression and in developing screens to identify 
gene-modulatmg agents. A promoter can readily be identified as being 5' to the ATG start site in the 
genomic sequence provided in Figure 3, 

A fragment comprises a contiguous nucleotide sequence greater than 12 or more nucleotides. 
Further, a fragment could at least 30, 40, 50, 100, 250 or 500 nucleotides in length. The length of the 

30 fragment will be based on its intended use. For example, the fragment can encode epitope bearmg 
regions of the peptide, or can be useful as DNA probes and primers. Such fragments can be isolated 
usmg the known nucleotide sequence to synthesize an ohgonucleotide probe. A labeled probe can then 



34 



wo 01/73029 



PCT/USOl/09522 



corresponding to the coding region. Further, primers can be used in PGR reactions to clone specific 
regions of gene. 

A probe/primer typically comprises substantially a purified oligonucleotide or oligonucleotide 
pair. The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes under 
5 stringent conditions to at least about 12, 20, 25, 40, 50 or more consecutive nucleotides. 

Orthologs, homologs, and allelic variants can be identified using methods well known in the 
art. As described in the Peptide Section, these variants comprise a nucleotide sequence encoding a 
peptide that is typically 60-70%, 70-80%, 80-90%, and more typically at least about 90-95% or more 
homologous to the nucleotide sequence shown in the Figure sheets or a j&agment of this sequence. 
1 0 Such nucleic acid molecules can readily be identified as being able to hybridize under moderate to 
stringent conditions, to the nucleotide sequence shown in the Figure sheets or a fragment of the 
sequence. Allelic variants can readily be determined by genetic locus of the encoding gene. Mapping 
position in Figure 3 shows that the GPCR of the present invention is encoded by a gene on 
chromosome 12 near markers SHGC-64103 (LOD scores of 6. 12), SHGC-56772 (LOD scores of 6.12) 
1 5 and SHGC-34758 (LOD scores of 6.06). 

As used herein, the term "hybridizes under stringent conditions" is intended to describe 
conditions for hybridization and washing under which nucleotide sequences encoding a peptide at least 
60-70% homologous to each other typically remain hybridized to each other. The conditions can be 

20 such tiiat sequences at least about 60%, at least about 70%, or at least about 80% or more homologous 
to each other typically remain hybridized to each other. Such stringent conditions are known to those 
skilled in the art and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, 
N.Y. (1989), 6.3.1-6.3.6. One example of stringent hybridization conditions are hybridization in 6X 
sodium chloride/sodium citrate (SSC) at about 45C, followed by one or more washes in 0.2 X SSC, 

25 0. 1 % SDS at 50-65C. Examples of moderate to low stringency hybridization conditions are well 
known in the art. 

Nucleic Acid Molecule Uses 

The nucleic acid molecules of the present invention are usefiil for probes, primers, chemical 
30 intermediates, and in biological assays. The nucleic acid molecules are usefiil as a hybridization probe 
for messenger RNA, transcript/cDNA and genomic DNA to isolate full-lengtii cDNA and genomic 
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The probe can correspond to any sequence along the entire length of the nucleic acid molecules 
provided in the Figures. Accordingly, it could be derived from 5' noncoding regions, the coding 
region, and 3' noncoding regions. However, as discussed, fragments are not to be construed as 
encompassing fragments disclosed prior to the present invention. 
5 The nucleic acid molecules are also useful as primers for PGR to amplify any given region of a 

nucleic acid molecule and are useful to synthesize antisense molecules of desired length and sequence. 

The nucleic acid molecules are also useful for constructing recombinant vectors. Such vectors 
include expression vectors that express a portion of, or all of, the peptide sequences. Vectors also 
include insertion vectors, used to mtegrate mto another nucleic acid molecule sequence, such as into 
1 0 the cellular genome, to alter in situ expression of a gene and/or gene product. For example, an 

endogenous coding sequence can be replaced via homologous recombmation with all or part of the 
coding region containing one or more specifically introduced mutations. 

rhe nucleic acid molecules are also useful for expressing antigenic portions of the proteins. 

The nucleic acid molecules are also usefiil as probes for determining the chromosomal 
1 5 positions of the nucleic acid molecules by means of in situ hybridization methods. Mapping position 
in Figure 3 shows that the GPCR of the present invention is encoded by a gene on chromosome 12 
near markers SHGC-64103 (LOD scores of 6.12), SHGC-56772 (LOD scores of 6.12) and SHGC- 
34758 (LOD scores of 6.06). 

The nucleic acid molecules are also usefiil in making vectors containing the gene regulatory 
20 regions of the nucleic acid molecules of the present invention. 

The nucleic acid molecules are also useful for designing ribozymes corresponding to all, or a 
part, of the mRNA produced from the nucleic acid molecules described herein. 

The nucleic acid molecules are also usefiQ for making vectors that express part, or all, of the 
peptides. 

25 The nucleic acid molecules are also useful for constructing host cells expressing a part, or all, 

of the nucleic acid molecules and peptides. 

The nucleic acid molecules are also useful for constructing transgenic animals expressing all, 
or a part, of the nucleic acid molecules and peptides. 

The nucleic acid molecules are also useful as hybridization probes for determining the 
30 presence, level, form and distribution of nucleic acid expression. Experimental data as provided in 
Figure 1 indicates that GPCR proteins of the present invention are expressed in the brain, heart, lung 
etc. Specifically, a virtual northern blot shows expression the brain, heart, lung, uterus, placenta and 
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acid whose level is determined can be DNA or RNA. Accordingly, probes corresponding to the 
peptides described herem can be used to assess expression and/or gene copy number in a given cell, 
tissue, or organism. These uses are relevant for diagnosis of disorders involving an increase or decrease 
in QPCR protein expression relative to normal results. 
5 In vitro techniques for detection of mRNA include Northern hybridizations and in situ 

hybridizations. In vitro techniques for detecting DNA includes Southern hybridizations and in situ 
hybridization. 

Probes can be used as a part of a diagnostic test kit for identifying cells or tissues that express a 
GPCR protem, such as by measuring a level of a receptor-encoding nucleic acid in a sample of cells 

1 0 from a subject e.g., mRNA or genomic DNA, or determining if a receptor gene has been mutated. 
Experimental data as provided in Figure 1 indicates that GPCR proteins of the present invention are 
expressed in the brain, heart, lung etc. Specifically, a virtual northem blot shows expression the brain, 
heart, lung, uterus, placenta and thyroid of human being. 

Nucleic acid expression assays are useful for drug screening to identify compounds that 

1 5 modulate GPCR nucleic acid expression. 

The invention thus provides a method for identifying a compound that can be used to treat a 
disorder associated with nucleic acid expression of the GPCR gene, particularly biological and 
pathological processes that are mediated by the GPCR in cells and tissues that express it. Experimental 
data as provided in Figure 1 indicates expression in the brain, heart, lung, uterus, placenta and thyroid 

20 of human being. The method typically includes assaying the ability of the compound to modulate the 
expression of the GPCR nucleic acid and thus identifying a compound that can be used to treat a 
disorder characterized by undesired GPCR nucleic acid expression. The assays can be performed in 
cell-based and cell-free systems. Cell-based assays include cells naturally expressing the GPCR 
nucleic acid or recombinant cells genetically engineered to express specific nucleic acid sequences. 

25 The assay for GPCR nucleic acid expression can involve direct assay of nucleic acid levels, 

such as mRNA levels, or on collateral compounds involved in the signal pathway. Further, tlie 
expression of genes that are up- or down-regulated in response to the GPCR protein signal pathway 
can also be assayed. In this embodiment the regulatory regions of these genes can be operably Unked 
to a reporter gene such as luciferase. 

30 Thus, modulators of GPCR gene expression can be identified in a method wherein a cell is 

contacted with a candidate compound and die expression of mRNA detennined. The level of 
expression of GPCR mRNA in the presence of the candidate compound is compared to die level of 
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example to treat a disorder characterized by aberrant nucleic acid expression. When expression of 
mRNA is statistically significantly greater in the presence of the candidate compound than in its 
absence, the candidate compound is identified as a stimulator of nucleic acid expression. When 
nucleic acid expression is statistically significantly less in the presence of the candidate compound than 
5 in its absence, the candidate compound is identified as an inhibitor of nucleic acid expression. 

Hie invention further provides methods of treatment, with the nucleic acid as a target, using a 
compound identified through drug screening as a gene modulator to modulate GPCR nucleic acid 
expression, particularly to modulate activities within a cell or tissue that expresses the proteins. 
Experimental data as provided in Figure 1 indicates that GPCR proteins of the present invention are 
1 0 expressed in the brain, heart, lung etc. Specifically, a virtual northern blot shows expression the brain, 
heart, lung, uterus, placenta and thyroid of human being. Modulation includes both up-regulation (i.e. 
activation or agonization) or down-regulation (suppression or antagonization) or nucleic acid 
expression. 

Alternatively, a modulator for GPCR nucleic acid expression can be a small molecule or drug 
1 5 identified using the screening assays described herein as long as the drug or small molecule inhibits the 
GPCR nucleic acid expression in the cells and tissues that express the protein. Experimental data as 
provided in Figure 1 indicates expression in the bram, heart, lung, uterus, placenta and thyroid of 
human being. 

The nucleic acid molecules are also useful for monitoring the effectiveness of modulating 
20 compounds on the expression or activity of the GPCR gene in clinical trials or in a treatment regimen. 
Thus, the gene expression pattern can serve as a barometer for the continuing ejBFectiveness of 
treatment with the compound, particularly with compounds to which a patient can develop resistance. 
The gene expression pattern can also serve as a marker indicative of a physiological response of the 
affected cells to the compound. Accordingly, such monitoring would allow either increased 
25 administration of tlie compound or die administration of alternative compounds to which the patient 
has not become resistant. Similarly, if the level of nucleic acid expression falls below a desirable level, 
administration of the compound could be commcnsuiately decreased. 

The nucleic acid molecules are also usefiil in diagnostic assays for quahtative changes in 
GPCR nucleic acid, and particularly in qualitative changes that lead to pathology. The nucleic acid 
30 molecules can be used to detect mutations in GPCR genes and gene expression products such as 

mRNA. The nucleic acid molecules can be used as hybridization probes to detect naturally-occurring 
genetic mutations in the GPCR gene and thereby to determine whether a subject witii tiie mutation is at 
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modification of genomic DNA, such as aberrant methylation patterns or changes in gene copy number, 
such as ampUfication. Detection of a mutated form of the GPCR gene associated with a dysfunction 
provides a diagnostic tool for an active disease or susceptibility to disease when the disease results 
from overexpression, underexpression, or altered expression of a GPCR protein. 
5 Individuals carrying mutations in the GPCR gene can be detected at the nucleic acid level by a 

variety of techniques. Mapping position in Figure 3 shows that the GPCR of the present invention is 
encoded by a gene on chromosome 12 near markers SHGC-64103 (LOD scores of 6.12), SHGC- 
56772 (LOD scores of 6,12) and SHGC-34758 (LOD scores of 6.06). Genomic DNA can be analyzed 
directly or can be amplified by using PCR prior to analysis. RNA or cDNA can be used in the same 

1 0 way. hi some uses, detection of the mutation involves the use of a probe/primer in a polymerase chain 
reaction (PCR) (see, e.g. U.S. Patent Nos. 4,683,195 and 4,683,202), such as anchor PCR or RACE 
PCR, or, alternatively, in a ligation chain reaction (LCR) (see, e.g., Landegran et al. Science 
241:1071-\0S0 (1988); and Nakazawa et aL, PNAS P7:360-364 (1994)), the latter of which can be 
particularly useful for detecting point mutations in the gene (see Abravaya et aLy Nucleic Acids Res, 

15 25:675-682 (1995)). This method can include the steps of collecting a sample of cells from apatient 
isolating nucleic acid (e.g., genomic, mRNA or bolh) from the cells of the sample, contacting the 
nucleic acid sample with one or more primers which specifically hybridize to a gene under conditions 
such that hybridization and amplification of the gene (if present) occurs, and detecting the presence or 
absence of an amplification product, or detecting the size of the amplification product and comparing 

20 the length to a control sample. Deletions and insertions can be detected by a change in size of the 

amplified product compared to the normal genotype. Pomt mutations can be identified by hybridizing 
amplified DNA to normal RNA or antisense DNA sequences. 

Altematively, mutations in a GPCR gene can be directly identified, for example, by alterations 
tn restriction enzyme digestion pattems determined by gel electrophoresis. 

25 Further, sequence-specific ribozymes (U.S. Patent No. 5,498,53 1 ) can be used to score for the 

presence of specific mutations by development or loss of a ribozjine cleavage site. Perfectly matched 
sequences can be distinguished from mismatched sequences by nuclease cleavage digestion assays or 
by differences in melting temperature. 

Sequence changes at specific locations can also be assessed by nuclease protection assays such 

30 as RNase and SI protection or the chemical cleavage method. Furthermore, sequence differences 

between a mutant GPCR gene and a wild-type gene can be determined by direct DNA sequencing. A 
variety of automated sequencing procedures can be utilized when performing the diagnostic assays 
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PCT International Publication No. WO 94/16101 ; Cohen et ai. Adv. Chromatogr. 56:127-162 (1996); 
^dQdmnetal.Appl Biochem. Biotechnol 55:147-159(1993)). 

Other methods for detecting mutations in the gene include methods m which protection from 
cleavage agents is used to detect mismatched bases m RNA/RNA or RNA/DNA duplexes (Myers et 
5 a/.. Science 230:1242 (1985)); Cotton et aL, PNAS 55:4397 (1988); Saleeba et al, Metk EnzymoL 
27 7:286-295 (1992)), electrophoretic mobility of mutant and wild type nucleic acid is compared (Orita 
et al, PNAS 86:2166 (1989); Cotton et al.Mutat. Res. 255:125-144 (1993); and Hayashi et al. Genet. 
Anal Tech Appl P:73-79 (1992)), and movement of mutant or wild-type fragments in polyacrylamide 
gels containing a gradient of denaturant is assayed using denaturing gradient gel electrophoresis 

10 (Myers et al. Nature 575:495 (1985)). Examples of other techniques for detecting point mutations 
mclude selective oUgonucleotide hybridization, selective amplification, and selective primer extension. 

The nucleic acid molecules are also useful for testing an individual for a genotype that while 
not necessarily causing the disease, nevertheless affects the treatmait modality. Thus, the nucleic acid 
molecules can be used to study the relationship between an individual's genotype and the mdividual's 

1 5 response to a compound used for treatment (pharmacogenomic relationship). Accordingly, the nucleic 
acid molecules described herein can be used to assess the mutation content of the GPCR gene m an 
individual in order to select an appropriate compound or dosage regimen for treatment. 

Thus nucleic acid molecules displaying genetic variations that affect treatment provide a 
diagnostic target that can be used to tailor treatment in an individual. Accordmgly, the production of 

20 recombinant cells and animals containing these polymorphisms allow effective clinical design of 
treatment compounds and dosage regimens. 

The nucleic acid molecules are thus useful as antisense constructs to control GPCR gene 
expression in cells, tissues, and organisms. A DNA antisense nucleic acid molecule is designed to be 
complementary to a region of the gene involved m transcription, preventing transcription and hence 

25 production of GPCR protem. An antisense RNA or DNA nucleic acid molecule would hybridize to the 
mRNA and thus block translation of mRNA into GPCR protein. 

Alternatively, a class of antisense molecules can be used to inactivate mRNA in order to 
decrease expression of GPCR nucleic acid. Accordingly, tliese molecules can treat a disorder 
characterized by abnormal or undesired GPCR nucleic acid expression. This technique involves 

30 cleavage by means of ribozymes containing nucleotide sequences complementary to one or more 

regions m the mRNA that attenuate the ability of the mRNA to be translated. Possible regions include 
coding regions and particularly coding regions corresponding to the catalytic and other functional 
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The nucleic acid molecules also provide vectors for gene therapy in patients containing cells 
that are aberrant in GPCR gene expression. Thus, recombinant cells, which include the patienf s cells 
that have been engineered ex vivo and returned to the patient, are introduced into an individual where 
the cells produce the desired GPCR protein to treat the individual. 
5 The invention also encompasses kits for detecting the presence of a GPCR nucleic acid in a 

biological sample. Experimental data as provided in Figure 1 indicates that GPCR proteins of the 
present invention are expressed in the brain, heart, lung etc. Specifically, a virtual northern blot shows 
expression the brain, heart, lung, uterus, placenta and thyroid of human being. For example, the kit 
can comprise reagents such as a labeled or labelable nucleic acid or agent capable of detecting GPCR 
1 0 nucleic acid in a biological sample; means for deterrnining the amount of GPCR nucleic acid in the 
sample; and means for comparing the amount of GPCR nucleic acid in the sample with a standard. 
The compound or agent can be packaged in a suitable container. The kit can fiirther comprise 
instructions for using the kit to detect GPCR protein mKN A or DMA. 

15 Nucleic Acid Arrays 

The present invention fiirther provides nucleic acid detection kits, such as arrays or 
microarrays of nucleic acid molecules that are based on the sequence information provided in 
Figures 1 and 3 (SEQ ID N0S:1 and 3). 

As used herein *'Arrays" or "Microarrays" refers to an array of distinct polynucleotides or 

20 oligonucleotides synthesized on a substrate, such as paper, nylon or other type of membrane, filter, 
chip, glass slide, or any other suitable solid support. In one embodiment, the microarray is prepared 
and used according to the methods described m US Patent 5,837,832, Chee et al., PCT application 
W095/1 1995 (Chee ct al.), Lockhart, D. J. et al. (1996; Nat Biotech. 14: 1675-1680) and Schena, 
M. et al. (1996; Proc. Natl. Acad. Sci. 93: 10614-10619), all of which are incorporated herein in 

25 their entirety by reference. In other embodiments, such arrays are produced by the methods 
described by Brown et. al., US Patent No. 5,807,522. 

The microarray or detection kit is preferably composed of a large number of unique, single- 
stranded nucleic acid sequences, usually either synthetic antisense oUgonucleotides or fragments of 
cDNAs, fixed to a solid support. The oligonucleotides are preferably about 6-60 nucleotides in 

30 length, more preferably 1 5-30 nucleotides in length, and most preferably about 20-25 nucleotides in 
length. For a certain type of microarray or detection kit, it may be preferable to use oligonucleotides 
tint nrr onlv ^-^0 nnrloofidr^ in Icnrtb The microarrav nr detection 1dt mnv eontain 
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of the sequence. Polynucleotides used in the microarray or detection kit may be oligonucleotides 
that are specific to a gene or genes of interest. 

In order to produce oligonucleotides to a known sequence for a microarray or detection kit, 
the gene(s) of interest (or an ORF identified from the contigs of the present invention) is typically 
5 examined using a computer algorithm which starts at the 5' or at the 3' end of the nucleotide 

sequence. Typical algorithms will then identify oligomers of defined length that are unique to the 
gene, have a GC content within a range suitable for hybridization, and lack predicted secondary 
structure that may interfere with hybridization. In certain situations it may be appropriate to use 
pairs of oligonucleotides on a microarray or detection kit. The "pairs" will be identical, except for 

1 0 one nucleotide that preferably is located in the center of the sequence. The second oUgonucleotide 
in the pair (mismatched by one) serves as a control. The number of oligonucleotide pairs may range 
from two to one million. The oligomers are synthesized at designated areas on a substrate using a 
light-directed chemical process. The substrate may be paper, nylon or other type of membrane, 
filter, chip, glass slide or any other suitable solid support. 

1 5 In another aspect, an oligonucleotide may be synthesized on the surface of the substrate by 

using a chemical coupling procedure and an ink jet application apparatus, as described in PCT 
application W095/251 116 (Baldeschweiler at al.) which is incorporated herein in its entirety by 
reference. In another aspect, a "gridded" array analogous to a dot (or slot) blot may be used to 
arrange and link cDNA fragments or oligonucleotides to the surface of a substrate using a vacuum 

20 system, thermal, UV, mechanical or chemical bonding procedures. An array, such as those 
described above, may be produced by hand or by using available devices (slot blot or dot blot 
apparatus), materials (any suitable solid support), and machines (including robotic instruments), and 
may contain 8, 24, 96, 384, 1536, 6144 or more oligonucleotides, or any other number between two 
and one million which lends itself to the efficient use of commercially available instrumentation. 

25 In order to conduct sample analysis using a microarray or detection kit, the RNA or DNA 

from a biological sample is made into hybridization probes. The mRNA is isolated, and cDNA is 
produced and used as a template to make antisense RNA (aRNA). The aRNA is amplified in the 
presence of fluorescent nucleotides, and labeled probes are incubated witli the microarray or 
detection kit so that the probe sequences hybridize to complementary oligonucleotides of the 

30 microarray or detection kit. Incubation conditions are adjusted so that hybridization occurs with 
precise complementar>' matches or with various degrees of less complementarity. After removal of 
nonhybridized probes, a scanner is used to determine the levels and patterns of fluorescence. The 
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obtained from any bodily fluids (such as blood, urine, saliva, phlegm, gastric juices, etc.), cultured 
cells, biopsies, or other tissue preparations. A detection system may be used to measure the 
absence, presence, and amount of hybridization for all of the distinct sequences simultaneously. 
This data may be used for large scale correlation studies on the sequences, expression patterns, 

5 mutations, variants, or polymorphisms among samples. 

Using such arrays, the present invention provides methods to identify the expression of the 
GPCR proteins/peptides of the present invention. In detail, such methods comprise incubating a 
test sample wdth one or more nucleic acid molecules and assaying for binding of the nucleic acid 
molecule with components within the test sample. Such assays will typically involve arrays 

10 comprising many genes, at least one of which is a gene of the present invention and or alleles of the 
GPCR gene of the present invention. 

Conditions for incubating a nucleic acid molecule with a test sample vary. Incubation 
conditions depend on the format employed in the assay, the detection methods employed, and the 
type and nature of the nucleic acid molecule used in the assay. One skilled in the art will recognize 

1 5 that any one of the commonly-available hybridization, amplification or array assay formats can 
readily be adapted to employ the novel fragments of the Human genome disclosed herein. 
Examples of such assays can be found in Chard, T, An Introduction to Radioimmunoassay and 
Related Techniques, Elsevier Science Publishers, Amsterdam, The Netheriands (1986); Bullock, G. 
R. etal, Techniques in Immunocytochemistry, Academic Press, Orlando, FL Vol. 1 (1 982), Vol. 

20 2 (1983), Vol. 3 (1 985); Tijssen, P., Practice and Theory of Enzyme Immunoassays: Laboratory 
Techniques in Biochemistry and Molecular Biology, Elsevier Science Publishers, Amsterdam, The 
Netheriands (1985). 

The test samples of the present invention include cells, protein or membrane extracts of 
cells. The test sample used in the above-described method will vary based on the assay format, 

25 nature of the detection method and the tissues, cells or extracts used as the sample to be assayed. 
Methods for preparing nucleic acid extracts or of cells are well known in the art and can be readily 
be adapted in order to obtain a sample that is compatible with the system utilized. 

In another embodiment of the present invention, kits are provided which contain the 
necessary reagents to carry out the assays of the present invention, 

30 Specifically, the invention provides a compartmentalized kit to receive, in close 

confinement, one or more containers which comprises: (a) a first container comprising one of the 
nucleic acid molecules that can bind to a fragment of the Human genome disclosed herein; and (b) 
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In detail, a compartmentalized kit includes any kit in which reagents are contained in 
separate containers. Such containers include small glass contamei-s, plastic containers, strips of 
plastic, glass or paper, or arraying material such as silica. Such containers allows one to efficiently 
transfer reagents from one compartment to another compartment such that the samples and reagents 
5 are not cross-contaminated, and the agents or solutions of each container can be added in a 

quantitative fashion from one compartment to another. Such containers will include a container 
which will accept the test sample, a container which contains the nucleic acid probe, containers 
which contain wash reagents (such as phosphate buffered saline, Tris-bufFers, etc.), and containers 
which contain the reagents used to detect the bo\md probe. One skilled in the art will readily 
1 0 recognize that the previously unidentified GPCR genes of the present invention can be routinely 
identified using the sequence information disclosed herein can be readily incorporated into one of 
the established kit formats which are well known in the art, particularly expression arrays. 

Vectors/host cells 

1 5 The invention also provides vectors containing the nucleic acid molecules described herein. 

The term "vector" refers to a vehicle, preferably a nucleic acid molecule, which can transport the 
nucleic acid molecules. When the vector is a nucleic acid molecule, the nucleic acid molecules are 
covalently linked to the vector nucleic acid. With this aspect of the invention, the vector includes a 
plasmid, single or double stranded phage, a single or double stranded RNA or DNA viral vector, or 

20 artificial chromosome, such as a BAG, PAC, YAC, OR MAC. 

A vector can be maintained in the host cell as an extrachromosomal element where it replicates 
and produces additional copies of the nucleic acid molecules. Alternatively, the vector may integrate 
into the host cell genome and produce additional copies of the nucleic acid molecules when the host 
cell replicates. 

25 The invention provides vectors for the maintenance (cloning vectors) or vectors for expression 

(expression vectors) of the nucleic acid molecules. The vectors can fimction in procaryotic or 
eukarj^otic cells or in both (shuttle vectors). 

Expression vectors contain cis-acting regulatory regions that are operably linked in the vector 
to tlie nucleic acid molecules such that transcription of the nucleic acid molecules is allowed in a host 

30 cell. The nucleic acid molecules can be introduced into the host cell with a separate nucleic acid 
molecule capable of affecting transcription. Tlius, tlie second nucleic acid molecule may provide a 
trans-actinc factor interactine v^nth the cis-resnjlatorv control region to allow transcription of the 

. lCc.i. . .naii Jait:.-a^u.:i^ idc.o. cc.ii [K- piujjccu iron I seen i :b.Li;. i: i. ..:iaci>.u.H>u. 
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however, that in some embodiments, transcription and/or translation of the nucleic acid molecules can 
occur in a cell-free system. 

The regulatory sequence to which the nucleic acid molecules described herein can be operably 
linked include promoters for directing mRNA transcription. These include, but are not hmited to, the 
5 left promoter from bacteriophage X, the lac, TRP, and TAG promoters from E. coli, the early and late 
promoters from SV40, the CMV immediate early promoter, the adenovirus early and late promoters, 
and retrovirus long-terminal repeats. 

In addition to control regions that promote transcription, expression vectors may also include 
regions that modulate transcription, such as repressor binding sites and enhancers. Examples include 

10 the SV40 enhancer, the cytomegalovirus immediate early enhancer, polyoma enliancer, adenovirus 
enhancers, and retrovfrus LTR enhancers. 

In addition to containing sites for transcription initiation and control, expression vectors can 
also contain sequences necessary for transcription termination and, in the transcribed region a ribosome 
binding site for translation. Other regulatory control elements for expression include initiation and 

1 5 termination codons as well as polyadenylation signals. The person of ordinary skill in the art would be 
aware of the numerous regulatory sequences that are useful in expression vectors. Such regulatory 
sequences are described, for example, in Sambrook et aL, Molecular Cloning: A Laboratory Manual 
2nd. ecf.. Cold Spring Harbor Labomtory Press, Cold Spring Harbor, NY, (1989). 

A variety of expression vectors can be used to express a nucleic acid molecule. Such vectors 

20 include chromosomal, episomal, and viais-derived vectors, for example vectors derived from bacterial 
plasmids, from bacteriophage, from yeast episomes, from yeast chromosomal elements, including 
yeast artificial chromosomes, from viruses such as baculoviruses, papovaviruses such as SV40, 
Vaccinia viruses, adenoviruses, poxviruses, pseudorabies viruses, and retroviruses. Vectors may also 
be derived from combinations of these sources such as those derived from plasmid and bacteriophage 

25 genetic elements, eg. cosmids and phagemids. Appropriate cloning and expression vectors for 

prokaryotic and eukaryotic hosts are described in Sambrook et ai, Molecular Cloning: A Laboratoiy 
Manual 2nd. ed.. Cold Spring Harbor Laboratoiy Press, Cold Spring Harbor, NY, (1 989). 

The regulatory sequence may provide constitutive expression in one or more host cells (i.e. 
tissue specific) or may provide for inducible expression in one or more cell types such as by 

30 temperature, nutrient additive, or exogenous factor such as a hormone or other ligand. A variety of 

vectors providing for constitutive and inducible expression in prokaryotic and eukaryotic hosts are well 
known to those of ordinary skill in the art. 
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expression vector by cleaving the DNA sequence and the expression vector with one or more 
restriction enzymes and then ligating the fragments together. Procedures for restriction enzyme 
digestion and ligation are well known to those of ordinary skill in the art. 

The vector containing the appropriate nucleic acid molecule can be introduced into an 
5 appropriate host cell for propagation or expression using well-known techniques. Bacterial cells 
include, but are not limited to, £. co/f, Streptomyces, and Salmonella typhimurium, Eukaryotic cells 
include, but are not limited to, yeast, insect cells such as Drosophila, animal cells such as COS and 
CHO cells, and plant cells. 

As described herein, it may be desirable to express the peptide as a fusion protein. 

1 0 Accordingly, the invention provides fusion vectors that allow for the production of the peptides. 
Fusion vectors can increase the expression of a recombinant protein, increase the solubility of the 
recombinant protein, and aid in the purification of the protein by acting for example as a ligand for 
affinity purification. A proteolytic cleavage site may be introduced at the junction of the fusion moiety 
so that the desired peptide can ultimately be separated from the fusion moiety. Proteolytic enzymes 

1 5 include, but are not limited to, factor Xa, thrombin, and enterokinase. Typical fusion expression 

vectors include pGEX (Smith et al. Gene 57:3 WO (1988)), pMAL (New England Biolabs, Beverly, 
MA) and pRTTS (Phannacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. Examples of suitable 
inducible non-fusion E. coli expression vectors include pTrc (Amann et al. Gene 5P:301-3 15 (1988)) 

20 and pET 1 1 d (Studier et al. Gene Expression Technology: Methods in Emymology iS5:60-89 (1990)). 

Recombinant protein expression can be maximized in a host bacteria by providing a genetic 
background wherein the host cell has an impaired capacity to proteolytically cleave the recombinant 
protein. (Gottesman, S., Gene Expression Technology: Methods in Enzymology 185, Academic Press, 
San Diego, California (1990) 1 19-128). Alternatively, the sequence of the nucleic acid molecule of 

25 interest can be altered to provide preferential codon usage for a specific host cell, for example E, coli, 
{"^^^i^iet al. Nucleic Acids Res. 20:2111-2118 (1992)). 

The nucleic acid molecules can also be expressed by expression vectors that are operative in 
yeast. Examples of vectors for expression in yeast e.g., S. cerevisiae include pYepSecl (Baldan, et al, 
EMBO J. (5:229-234 (1987)), pMFa (Kurjan et ai. Cell 30:933-943(1982)), pJRY88 (Schultz ei ai, 

30 Gene 54^:1 13-123 (1987)), and pYES2 (Invitrogen Corporation, San Diego, CA). 

The nucleic acid molecules can also be expressed in insect cells using, for example, 
baculovirus expression vectors. Baculovirus vectors available for expression of proteins in cultured 
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In certain embodiments of the invention, the nucleic acid molecules described herein are 
expressed in mammalian ceUs using mammaUan expression vectors. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. Nature 52P: 840(1 987)) and pMT2PC (Kaufinan et d., 
EMBOJ. 5:187-195 (1987)). 

5 The expression vectors listed herein are provided by way of example only of the well-known 

vectors available to those of ordinary skill in the art that would be useful to express the nucleic acid 
molecules. The person of ordinary skill in the art would be aware of other vectors suitable for 
maintenance propagation or expression of the nucleic acid molecules described herein. These are 
found for example in Sambrook, J., Fritsh, E. F., and Maniatis. T. Molecular Cloning: A Laboratory 

10 Manual. 2nd, ed., Cold Spring Harbor Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1989. 

The invention also encompasses vectors in which the nucleic acid sequences described herein 
are cloned into the vector in reverse orientation, but operably linked to a regulatory sequence that 
permits transcription of antisense RNA. Thus, an antisense transcript can be produced to all, or to a 

1 5 portion, of the nucleic acid molecule sequences described herein, including both coding and non- 
coding regions. Expression of this antisense RNA is subject to each of the parameters described above 
in relation to expression of the sense RNA (regulatory sequences, constitutive or inducible expression, 
tissue-specific expression). 

The invention also relates to recombinant host ceUs containing the vectors described herem. 

20 Host cells therefore include prokaryotic cells, lower eukaryotic cells such as yeast, other eukaiyotic 
cells such as insect cells, and higher eukaryotic cells such as mammalian cells. 

The recombinant host cells are prepared by introducing the vector constructs described herein 
into the cells by techniques readily available to the person of ordinary skill in the art. These include, 
but are not limited to, calcium phosphate transfection, DEAE-dextran-mediated transfection, cationic 

25 Upid-mediated transfection, electroporation, transduction, infection, lipofection, and other techniques 
such as those found in Sambrook, et al. {Molecular Cloning: A Laboratory Manual 2;j4 ed. Cold 
Spring Harbor Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 

Host cells can contain more than one vector. Thus, different nucleotide sequences can be 
introduced on diflFerent vectors of the same cell. Similarly, the nucleic acid molecules can be 

30 introduced either alone or with other nucleic acid molecules that are not related to the nucleic acid 
molecules such as those providing trans-acting factors for expression vectors. When more than one 
vector is introduced into a cell, the vectors can be introduced independently, co-introduced or joined to 
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In the case of bacteriophage and viral vectors, these can be introduced into cells as packaged ox 
encapsulated virus by standard procedures for infection and transduction. Viral vectors can be 
replication-competent or replication-defective. In the case in which viral replication is defective, 
replication will occur in host cells providing functions that complement the defects. 
5 Vectors generally include selectable markers that enable the selection of the subpopulation of 

cells that contain the recombinant vector constructs. The marker can be contained in the same vector 
that contains the nucleic acid molecules described herein or may be on a separate vector. Markers 
include tetracycline or ampicillin-resistance genes for prokaryotic host cells and dihydrofolate 
reductase or neomycm resistance for eukaryotic host cells. However, any marker that provides 
1 0 selection for a phenotypic trait will be effective. 

While the mature proteins can be produced in bacteria, yeast, mammalian cells, and other cells 
under the control of the appropriate regulatory sequences, cell- free transcription and translation 
systems can also be used to produce these protems usmg RN A derived from the DNA constructs 
described herein. 

15 ^ Where secretion of the peptide is desired, which is difiScult to achieve with multi- 
transmembrane domain containing proteins such as GPCRs, appropriate secretion signals are 
incorporated into the vector. The signal sequence can be endogenous to the peptides or heterologous to 
these peptides. 

Where the peptide is not secreted into the medium, which is typically the case with GPCRs, the 
20 protein can be isolated from the host cell by standard disruption procedures, including freeze thaw, 

sonication, mechanical disruption, use of lysing agents and the like. The peptide can then be recovered 
and purified by weU-known purification methods including ammonium sulfate precipitation, acid 
extraction, anion or cationic exchange chromatography, phosphocellulose chromatography, 
hydrophobic-interaction chromatography, affinity chromatography, hydroxylapatite chromatography, 
25 lectin chromatography, or high performance liquid chromatography. 

It is also understood that depending upon the host cell in recombinant production of the 
peptides described herein, the peptides can have various glycosylation patterns, depending upon the 
cell, or maybe non-glycosylated as when produced in bacteria. In addition, the peptides may include 
an initial modified methionine in some cases as a result of a host-mediated process. 

30 

Uses of vectors and host cells 

The r::comhinnrit bo^t cHl^ cxprcs*^inr^ l.hc rrntiHe^ dc^criherl herein have n varictv' of uses. 
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produce desired amounts of QPCR protein or fragments. Thus, host cells containing expression 
vectors are useful for peptide production. 

Host cells are also useful for conducting cell-based assays involving the GPCR protein or 
GPCR protein fragments, such as those described above as well as other formats known in the art. 
5 Thus, a recombinant host cell expressing a native GPCR protein is usefiil for assaying compounds that 
stimulate or inhibit GPCR protein function. 

Host cells are also useful for identifying GPCR protem mutants in which these functions are 
affected. If the mutants naturally occur and give rise to a pathology, host cells containing the 
mutations are useful to assay compounds that have a desired effect on the mutant GPCR protein (for 
1 0 example, stimulating or inhibiting function) which may not be indicated by their effect on the native 
GPCR protein. 

Genetically engineered host cells can be further used to produce non-human transgenic 
ammals. A transgenic animal is preferably a mammal, for example a rodent, such as a rat or mouse, in 
which one or more of the cells of the animal include a transgene. A transgene is exogenous DNA 

1 5 which is integrated into the genome of a cell from which a transgenic animal develops and which 
remains in the genome of the mature animal m one or more cell types or tissues of the transgenic 
animal. These animals are useful for studying the function of a GPCR protein and identifying and 
evaluating modulators of GPCR protein activity. Other examples of transgenic animals include non- 
human primates, sheep, dogs, cows, goats, chickens, and amphibians. 

20 A transgenic animal can be produced by mtroducing nucleic acid into the male pronuclei of a 

fertilized oocyte, e.g., by microinjection, retroviral infection, and allowing the oocyte to develop in a 
pseudopregnant female foster animal. Any of the GPCR protein nucleotide sequences can be 
introduced as a transgene into the genome of a non-human animal, such as a mouse. 

Any of the regulatory or other sequences useful in expression vectors can form part of the 

25 transgenic sequence. This includes intronic sequences and polyadenylation signals, if not aheady 
included. A tissue-specific regulatory sequence(s) can be operably linked to the transgene to direct 
expression of the GPCR protein to particular cells. 

Methods for generating transgenic animals via embryo manipulation and microinjection, 
particularly animals such as mice, have become conventional in the art and are described, for example, 

30 in U.S. Patent Nos. 4,736,866 and 4,870,009, both by Leder et aL, U.S. Patent No. 4,873,191 by 
Wagner et al and in Hogan, B., Manipulating the Mouse Ernbtyo, (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1986). Similar methods are used for production of other transgenic 
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animal can then be used to breed additional animals canying the transgene. Moreover, transgenic 
animals carrying a transgene can fiirther be bred to other transgenic animals carrying other transgenes. 
A transgenic animal also includes animals in which the entire animal or tissues in the animal have been 
produced using the homologously recombinant host cells described herein. 
5 In another embodiment, transgenic non-human animals can be produced which contain selected 

systems that allow for regulated expression of the transgene. One example of such a system is the 
cre/loxP recombinase system of bacteriophage PI. For a description of the cre/loxP recombinase 
system, see, e.g., Lakso et al PNAS 89:6232-6236 (1992). Another example of a recombinase system 
is the FLP recombinase system of & cerevisiae (O'Gorman et al Science 257:1351-1355 (1991). If a 
1 0 creAoxP recombinase system is used to regulate expression of the transgene, animals containing 

transgenes encoding both the Cre recombinase and a selected protein is required. Such animals can be 
provided through the construction of "double" transgenic animals, e.g., by mating two transgenic 
animals, one containing a transgene encoding a selected protein and the other containing a transgene 
encoding a recombinase. 

1 5 Clones of the non-human transgenic animals described herein can also be produced according 

to the methods described m Wiknut, I. et al Nature 555:810-813 (1997) and PCT International 
PubUcation Nos. WO 97/07668 and WO 97/07669. hi brief, a cell, e.g., a somatic cell, from the 
transgenic animal can be isolated and induced to exit the growth cycle and enter Go phase. The 
quiescent cell can then be fused, e.g., through the use of electrical pulses, to an enucleated oocyte from 

20 an animal of the same species from which the quiescent cell is isolated. The reconstructed oocyte is 
then cultured such that it develops to morula or blastocyst and then transferred to pseudopregnant 
female foster animal. The offspring bom of this female foster animal will be a clone of the animal 
from which the cell, e.g., the somatic cell, is isolated. 

Transgenic animals containing recombinant cells that express the peptides described herein are 

25 useful to conduct the assays described herein in an in vivo context. Accordingly, the various 

physiological factors that are present in vivo and that could effect ligand binding, GPCR protem 
activation, and signal transduction, may not be evident from in vitro cell-free or cell-based assays. 
Accordingly, it is useful to provide non-human transgenic animals to assay in vivo GPCR protem 
function, including ligand interaction, the effect of specific mutant GPCR proteins on GPCR protein 

30 function and ligand interaction, and the effect of chimenc GPCR proteins. It is also possible to assess 
the effect of null mutations, that is mutations that substantially or completely ehminate one or more 
GPCR protein functions. 
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invention will be apparent to those skilled in the art without departing from the scope and spirit of 
the invention. Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly limited to 
such specific embodiments. Indeed, various modifications of the above-described modes for 
5 carrying out the invention which are obvious to those skilled in the field of molecular biology or 
related fields are intended to be within the scope of the following claims. 
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SEQUENCE LISTING 

<110> Gilbert et al. 

<120> ISOLATED HUMAN G-PROTEIN COUPLED 

RECEPTORS, NUCLEIC ACID MOLECULES ENCODING HUMAN GPCR 
PROTEINS, AND USES THEREOF 

<130> CL000782PCT 

<140> N/A 
<141> 2001-03-27 

<150> US 60/192, 419 
<151> 2000-03-27 

<150> US 60/230, 459 
<151> 2000-09-06 

<150> US 09/666,535 
<151> 2000-09-20 

"^160^ 4 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 1041 
<212> DNA 
<213> Human 

<400> 1 

atgtacaacg ggtcgtgctg 
ctgctcattg tggcctttgt 
tgcttccaca tgaagacctg 
catttcctcc ttatgatctg 
tgggcttttg gggacattcc 
gggagcatcg tgttccttac 
caccacgcgg tgaacactat 
gccctggtca tcctgggaac 
acggccgtct cctgtgagag 
ttccagctgg agttctttat 
tggagcctga ggcggaggca 
ttcatcatgg tggtggcaat 
ctctatttcc tctggacggt 
cacataaccc tcagcttcac 
tcaagcccct cctttcccaa 
cagccaggac actcaaaaac 
aggagttgca tcagtgtggc 
cacattgttg agtggcactg 

<210> 2 
<211> 346 
<212> PRT 
<213> Human 

<400> 2 

Met Tyr Asn Gly Ser Cys Cys Arg He Glu Gly Asp Thr He Ser Gin 

1 r - in 1 ^ 



ccgcatcgag ggggacacca tctcccaggt gatgccgccg 60 
gctgggcgca ctaggcaatg gggtcgccct gtgtggtttc 120 
gaagcccagc actgtttacc ttttcaattt ggccgtggct 180 
cctgcctttt cggacagact attacctcag acgtagacac 240 
ctgccgagtg gggctcttca cgttggccat gaacagggcc 300 
ggtggtggct gcggacaggt atttcaaagt ggtccacccc 360 
ctccacccgg gtggcggctg gcatcgtctg caccctgtgg 4 20 
agtgtatctt ttgctggaga accatctctg cgtgcaagag 4 80 
cttcatcatg gagtcggcca atggctggca tgacatcatg 540 
gcccctcggc atcatcttat tttgctcctt caagattgtt 600 
gcagctggcc agacaggctc ggatgaagaa ggcgacccgg 660 
tgtgttcatc acatgctacc tgcccagcgt gtctgctaga 720 
gccctcgagt gcctgcgatc cctctgtcca tggggccctg 780 
ctacatgaac agcatgctgg atcccctggt gtattatttt 840 
attctacaac aagctcaaaa tctgcagtct gaaacccaag 900 
acaaaggccg gaagagatgc caatttcgaa cctcggtcgc 960 
aaatagtttc caaagccagt ctgatgggca atgggatccc 1020 

1041 
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Pro 


Ser 


Thr 


Val 




50 






Met 


He 


Cvs 


Leu 


65 








Trp Ala 


Phe 


Gly 


Met 


Asn 


Arg 


Ala 








100 


Arg Tyr 


Phe 


Lvs 






115 




Thr 


Arg 


Val 


Ala 




130 






Leu 


Gly 


Thr 


Val 


145 








Thr 


Ala 


V d JL 


Ser 


His 


Asp 


He 


Met 








180 


Leu 


Fhe 


^y^ 


Ser 










Leu 


Ala 


Arg 






210 






Val 


Ala 


He 


Val 


225 








Leu Tyr 






His 


Gly 


Ala 


Leu 








260 


Leu 


Asp 


Pro 


Leu 






275 




Tyr 


Asn 


Lys 


Leu 




290 






Ser 


Lys 


Thr 


Gin 


305 








Arg 


Ser 


Cys 


He 


Gin 


Trp 


Asp 


Pro 



Tyr 


Leu 


Phe 


Asn 






55 




Pro 


Phe 


Arg 


Thr 




70 






Asp 


He 


Pro 


Cys 


85 








Gly 


Ser 


He 


Val 


Val 


Val 


His 


Pro 








120 


Ala 


Glv 


He 


Val 






135 




T 

J- J' - 


Leu 


Leu 


Leu 




150 






Cys 


Glu 


Ser 


Phe 


JL u J 








Phe 


Gin 


Leu 


Glu 


Phe 


Lys 


He 


Val 








200 


AT a 


Arg 


Met 


Lys 






215 




Phe 


He 


Thr 


Cys 




^ -J u 






J. j-p 


Thr 


Val 


Pro 










Pi Q 


He 


Thr 


Leu 


V a X 


1 yr 


-L yi- 


Phe 








280 


Lys 


He 


Cys 


Ser 






295 




Arg 


Pro 


Glu 


Glu 




310 






Ser 


Val 


Ala 


Asn 


325 








His 


He 


Val 


Glu 



Leu 


Ala 


Val 


Ala 








DU 


Asp 


Tyr 


Tyr 


Leu 






75 




Arg 


Val 


Gly 


Leu 




90 






Phe 


Leu 


Thr 


Val 


105 








His 


His 


Ala 


Val 


Cys 


Thr 


Leu 


Trp 








140 


Glu 


Asn 


His 


Leu 






155 




lie 


Met 


Glu 


Ser 




170 






Phe 


Phe 


Met 


Pro 


185 








Trp 


Ser 


Leu 


Arg 


Lys 


Ala 


Thr 


Arg 








220 


Tvr 


Leu 


Pro 


Ser 






235 




Ser 


Ser 


Ala 


Cys 




250 






Ser 


Phe 


Thr 


Tyr 


265 








Ser 


Ser 


Pro 


Ser 


Leu 


Lys 


Pro 


Lys 








300 


Met 


Pro 


He 


Ser 






315 




Ser 


Phe 


Gin 


Ser 




330 






Trp 


His 







345 



Asp 


Phe 


Leu 


Leu 


Arg 


Arg 


Arg 


His 








oU 


Phe 


Thr 


Leu 


Ala 






95 




Val 


Ala 


Ala 


Asp 




110 






Asn 


Thr 


He 


Ser 


125 








Ala 


Leu 


Val 


He 


Cys 


Val 


Gin 


Glu 








160 


Ala 


Asn 


Gly 


Trp 






175 




Leu 


Gly 


He 


He 




190 






Aro 


Arq 


Gin 


Gin 


205 








Phe 


He 


Met 


Val 


Val 


Ser 


Ala 


Arg 








240 


Asp 


Pro 


Ser 


Val 






255 




Met 


Asn 


Ser 


Met 




270 






Phe 


Pro 


Lys 


Phe 


285 








Gin 


Pro 


Gly 


His 


Asn 


Leu 


Gly 


Arg 








320 


Gin 


Ser 


Asp 


Gly 






335 





<210> 3 
<211> 2334 
<212> DNA 
<213> Human 



<400> 3 

aaatgaccac ttttgcaaaa ttgcatgcat ttccaagctt catccggctc caggcttg 60 
gcctctccca gaggcaggcg gcttgtgaga cgggctccag ag aaaggac ctccctgggt 120 

ctctcatttc ctggctgaag tttctcttct cgctgctgtg gcagcatcca acccacacac 180 

acaggacccg catcctgggt gatgaagtca gacacgcagc agctgggtga gtgctaacgc 240 

tcagataagc atctgtgcca ttgtggggac tccctgggct gctctgcacc cggacacttg 300 

ctctgtcccc gccatgtaca acgggtcgtg ctgccgcatc gagggggaca ccatctccca 360 

ggtgatgccg ccgctgctca ttgtggcctt tgtgctgggc gcactaggca atggggtcgc 420 

cctgtgtggt ttctgcttcc acatgaagac ctggaagccc agcactgttt accttttcaa 4 80 

tttggccgtg gctgatttcc tccttatgat ctgcctgcct tttcggacag actattacct 54 0 

cagacgtaga cactgggctt ttggggacat tccctgccga gtggggctct tcacgttggc 600 

catgaacagg gccgggagca tcgtgttcct tacggtggtg gctgcggaca ggtatttcaa 660 

agtggtccac ccccaccacg cggtgaacac tatctccacc cgggtggcgg ctggcatcgt 720 
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cgtgtctgct agactctatt tcctctggac ggtgccctcg agtgcctgcg atccctctgt 1080 
ccatggggcc ctgcacataa ccctcagctt cacctacatg aacagcatgc tggatcccct 1140 
ggtgtattat ttttcaagcc cctcctttcc caaattctac aacaagctca aaatctgcag 1200 
tctgaaaccc aagcagccag gacactcaaa aacacaaagg ccggaagaga tgccaatttc 1260 
gaacctcggt cgcaggagtt gcatcagtgt ggcaaatagt ttccaaagcc agtctgatgg 1320 
gcaatgggat ccccacattg ttgagtggca ctgaacaagc agaccaacaa cactgaggaa 1380 
gatagagtgg tgacttagaa ttaactcgtg ctaaggggtc gggggctttg aaaatgccac 1440 
ccccctttct tattgcaaga cggcttctcg cacatgaact gcatccttct cattctgtcg 1500 
gaaatgaaat tcacacaact ataccttttg gggaggttcc agttgattga agtgagttgg 15 60 
ctgcattttc ttatctgatc acaatggcag gggacagaat gtgcatggag tggagcatgt 1620 
gtgtgttggg aggggggcta ggaactgcac agcccttgtg taattttcgt tgtttgtttt 1680 
tgttttgaga cagagtctca ctctgtgtcc caggctggag tgcagtggca cagtctcggc 1740 
tcactgcaac ctctgcctcc cgggttcaag caattctcct gcctcagcct cccgagtagc 1800 
tgggattaga ggcgccagcc aacacacccg gctaattttt gtatttttag tagagacagg 1860 
gttttgccat gttggccagg ctggtctcga gctcctgacc tcaggtgatc cgcctgcctt 1920 
ggcctcccaa agtggtggga tcacaggcgt gagccaccgt gcccggcctc ccctgtgtca 1980 
ttttaaatgg ctaagtaaat gggtatatgt gtttgaatgg ggcatgttca ctctcttagg 2040 
ggctatgggg cagttagcag catttcctat cctctgacct taaatcattc cttatctcag 2100 
aaaacagaaa ccgggctcag tcaatcaatg ctttatttca ggccgaatga ggctctttag 2160 
attgggatct attgatctat caattttcat ctttacattt ctttgtacat ctgtacattt 2220 
tgtccaaatg tacatctgta cgtctgtcat cattgtgact tcctggtagc ccaagaagaa 2280 
caacaacaaa acaatctgct ctgaccttct tcaaatcttt gtattrcaaa gaag 2334 

<210> 4 
<211> 339 
<212> PRT 
<213> Human 
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Leu Asp Pro Val Val Tyr Tyr Phe 
275 280 
Phe Ser Thr Leu He Asn Arg Cys 

290 295 
Pro Asp Asn Asn Arg Ser Thr Ser 
305 310 
Lys Thr Arg Gly Ala Pro Glu Ala 
325 

Trp Ser Pro 



Ser Ser Pro Ser Phe Pro Asn Phe 
285 

Leu Gin Arg Lys Met Thr Gly Glu 
300 

Val Glu Leu Thr Gly Asp Pro Asn 
315 320 
Leu Met Ala Asn Ser Gly Glu Pro 
330 335 
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Claims 

That which is claimed is: 

1 . An isolated peptide consisting of an aniino acid sequence selected j&om the group 
consisting of: 

(a) an amino acid sequence shown in SEQ ID N0:2; 

(b) an amino acid sequence of an allelic variant of an amino acid sequence shown 
in SEQ ID N0:2, wherein said allelic variant is encoded by a nucleic acid molecule that hybridizes 
under stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID N0S:1 
(transcript) or 3 (genomic); 

(c) an amino acid sequence of an ortholog of an amino acid sequence shown in 
SEQ ID NO:2, wherein said ortholog is encoded by a nucleic acid molecule that hybridizes under 
stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID N0S:1 
(transcript) or 3 (genomic); and 

(d) a fragment of an amino acid sequence shown in SEQ ID N0:2, wherein said 
jBragment comprises at least 10 contiguous amino acids. 

2. An isolated peptide comprising an amino acid sequence selected from the group 
consisting of; 

(a) an amino acid sequence shown in SEQ ID N0:2; 

(b) an amino acid sequence of an allelic variant of an amino acid sequence shown 
in SEQ ID N0;2, wherein said allelic variant is encoded by a nucleic acid molecule that hybridizes 
under stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID NOSil 
(transcript) or 3 (genomic); 

(c) an amino acid sequence of an ortholog of an amino acid sequence shown in 
SEQ ID NO:2, wherein said ordiolog is encoded by a nucleic acid molecule that hybridizes under 
stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID N0S:1 
(transcript) or 3 (genomic); and 

(d) a fragment of an amino acid sequence shown in SEQ ID N0:2, wherein said 
fragment comprises at least 10 contiguous amino acids. 

3 . An isolated antibody that selectively binds to a peptide of claim 2. 
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4. An isolated nucleic acid molecule consisting of a nucleotide sequence selected from the 
group consisting of: 

(a) a nucleotide sequence that encodes an amino acid sequence shown in SEQ ID 

N0:2; 

(b) a nucleotide sequence that encodes of an allelic variant of an amino acid 
sequence shovm in SEQ ID N0:2, wherein said nucleotide sequence hybridizes under stringent 
conditions to the opposite strand of a nucleic acid molecule shown m SEQ ID NOS: 1 (transcript) or 3 
(genomic); 

(c) a nucleotide sequence that encodes an ortholog of an amino acid sequence 
shown in SEQ ID NO:2, wherein said nucleotide sequence hybridizes under stringent conditions to the 
opposite strand of a nucleic acid molecule shown in SEQ ID NOSrl (transcript) or 3 (genomic); 

(d) a nucleotide sequence that encodes a fragment of an amino acid sequence 
shown in SEQ ID NO:2, wherein said fragment comprises at least 10 contiguous amino acids; and 

(e) a nucleotide sequence that is the complement of a nucleotide sequence of 

(a)-(d). 

5. An isolated nucleic acid molecule comprising a nucleotide sequence selected from the 
group consisting of: 

(a) a nucleotide sequence that encodes an amino acid sequence shown in SEQ ID 

N0:2; 

(b) a nucleotide sequence that encodes of an allelic variant of an amino acid 
sequence shown in SEQ ID N0:2, wherein said nucleotide sequence hybridizes under stringent 
conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID N0S:1 (transcript) or 3 
(genomic); 

(c) a nucleotide sequence that encodes an ortholog of an amino acid sequence 
shown in SEQ ED N0:2, wherein said nucleotide sequence hybridizes under stringent conditions to the 
opposite strand of a nucleic acid molecule shown in SEQ ID NOSrl (transcript) or 3 (genomic); 

(d) a nucleotide sequence that encodes a fragment of an amino acid sequence 
shown in SEQ ID N0:2, wherein said fragment comprises at least 1 0 contiguous amino acids; and 

(e) a nucleotide sequence that is the complement of a nucleotide sequence of 

(a)-(d). 
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7. A transgenic non-human animal comprising a nucleic acid molecule of claim 5. 

8. A nucleic acid vector comprising a nucleic acid molecule of claim 5. 

9. A host cell containing tiie vector of claim 8. 

10. A method for producing any of the peptides of claim 1 comprising introducing a 
nucleotide sequence encoding any of the amino acid sequences in (a)-(d) into a host cell, and culturing 
the host cell under conditions in which the peptides are expressed from the nucleotide sequence. 

11. A method for producing any of the peptides of claim 2 comprising introducing a 
nucleotide sequence encoding any of the amino acid sequences in (a)-(d) into a host cell, and culturing 
the host cell under conditions in which the peptides are expressed from the nucleotide sequence. 

12. A method for detecting the presence of any of the peptides of claim 2 in a sample, said 
method comprising contacting said sample with a detection agent that specifically allows detection of 
the presence of the peptide in the sample and then detecting the presence of the peptide. 

13. A method for detecting the presence of a nucleic acid molecule of claim 5 iu a sample, 
said method comprising contacting the sample with an oligonucleotide that hybridizes to said nucleic 
acid molecule under stringent conditions and detemiining whether the oligonucleotide binds to said 
nucleic acid molecule in the sample. 

14. A method for identifying a modulator of a peptide of claim 2, said method comprising 
contacting said peptide with an agent and determining if said agent has modulated the function or 
activity of said peptide. 

15. The method of claim 14, wherein said agent is administered to a host cell comprising an 
expression vector that expresses said peptide, 

1 6. A method for identifying an agent that binds to any of the peptides of claim 2, said 
method comprising contactmg the peptide with an agent and assaying the contacted mixture to 
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17. A phannaceutical composition comprising an agent identified by the method of 
claim 16 and a pharmaceutically acceptable carrier therefor. 

18. A method for treating a disease or condition mediated by a human proteases, said 
method comprising administering to a patient a pharmaceutically effective amount of an agent 
identified by the method of claun 16. 

19. A method for identifying a modulator of the expression of a peptide of clarni 2, said 
method comprising contacting a cell expressing said peptide with an agent, and deterniining if said 
agent has modulated the expression of said peptide. 

20. An isolated human protease peptide having an amino acid sequence that shares at least 
70% homology with an amino acid sequence shown in SEQ ID NO:2. 

21. A peptide according to claim 20 that shares at least 90 percent homology with an amino 
acid sequence shown in SEQ ID NO:2. 

22. An isolated nucleic acid molecule encoding a human protease peptide, said nucleic acid 
molecule sharing at least 80 percent homology with a nucleic acid molecule shown in SEQ, ID NOS:l 
(transcript) or 3 (genomic). 

23 . A nucleic acid molecule according to claim 22 that shares at least 90 percent homology 
with a nucleic acid molecule shown in SEQ ID NOS: 1 (transcript) or 3 (genomic). 
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FIGURE 1 



1 
51 
101 
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201 
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401 
451 
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701 
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3bl 
901 
951 
1001 



ATGTACAACG 
GATGCCGCCG 
GGGTCGCCCT 
ACTGTTTACC 
CCTGCCTTTT 
GGGACATTCC 
GGGAGCATCG 
GGTCCACCCC 
GCATCGTCTG 
TTGCTGGAGA 
CTTCATCATG 
AGTTCTTTAT 
TGGAGCCTGA 
GGCGACCCGG 
TGCCCAGCGT 
GCCTGCGATC 
CTACATGAAC 
CCTTTCCCAA 
CAGCCAGGAC 
CCTCGGTCGC 
CTGATGGGCA 



GGTCGTGCTG 
CTGCTCATTG 
GTGTGGTTTC 
TTTTCAATTT 
CGGACAGACT 
CTGCCGAGTG 
TGTTCCTTAC 
CACCACGCGG 
CACCCTGTGG 
ACCATCTCTG 
GAGTCGGCCA 
GCCCCTCGGC 
GGCGGAGGCA 
TTCATCATGG 
GTCTGCTAGA 
CCTCTGTCCA 
AGCATGCTGG 
ATTCTAUAAC 
ACTCAAAAAC 
AGGAGTTGCA 
ATGGGATCCC 



CCGCATCGAG 
TGGCCTTTGT 
TGCTTCCACA 
GGCCGTGGCT 
ATTACCTCAG 
GGGCTCTTCA 
GGTGGTGGCT 
TGAACACTAT 
GCCCTGGTCA 
CGTGCAAGAG 
ATGGCTGGCA 
ATCATCTTAT 
GCAGCTGGCC 
TGGTGGCAAT 
CTCTATTTCC 
TGGGGCCCTG 
ATCCCCTGGT 
aaGCTCaAAA 
ACAAAGGCCG 
TCAGTGTGGC 
CACATTGTTG 



GGGGACACCA 
GCTGGGCGCA 
TGAAGACCTG 
GATTTCCTCC 
ACGTAGACAC 
CGTTGGCCAT 
GCGGACAGGT 
CTCCACCCGG 
TCCTGGGAAC 
ACGGCCGTCT 
TGACATCATG 
TTTGCTCCTT 
AGACAGGCTC 
TGTGTTCATC 
TCTGGACGGT 
CACATAACCC 
GTATTATTTT 
TCTGCAGTCT 
GAAGAGATGC 
AAATAGTTTC 
AGTGGCACTG 



TCTCCCAGGT 
CTAGGCAATG 
GAAGCCCAGC 
TTATGATCTG 
TGGGCTTTTG 
GAACAGGGCC 
ATTTCAAAGT 
GTGGCGGCTG 
AGTGTATCTT 
CCTGTGAGAG 
TTCCAGCTGG 
CAAGATTGTT 
GGATGAAGAA 
ACATGCTACC 
GCCCTCGAGT 
TCAGCTTCAC 
TCAAGCCCCT 
G AAAC CCAAG 
CAATTTCGAA 
CAAAGCCAGT 
A (SEQ ID N0:1) 



FEATURES: 
Start: 1 
Stop: 1039 

HOMOLOGOUS PROTEIN: 

Top 10 BLAST Hits: 

gi I517446H ref |NP_006009. 1 M putative chemokine receptor/ GTP-b. 
gi|4885317|ref INP_005290.1| I G protein-coupled receptor 31 >gi I . 
gil 6716509 |gblAAF26668.1 I AF140708_1 (AF140708) G protein couple. 
gil464327|sp|P34996|P2YR_CHICK P2y PURINOCEPTOR 1 (ATP RECEPTOR, 
gi 11352693 I sp I P496521P2YR_MELGA P2y PURINOCEPTOR 1 (ATP RECEPTO. 
giI13526911sp|P48042lP2YR_BOVIN P2Y PURINOCEPTOR 1 (ATP RECEPTO. 
gi|4505557|ref |NP_002554.1| I purinergic receptor P2Y, G-protein. 
gil 1352695 Isp I P4 9651 1 P2YR_RAT P2Y PURINOCEPTOR 1 (ATP RECEPTOR). 
gil66791931ref |NP_032798.1| I purinergic receptor P2Y, G-protein. 
gi|4885311|ref INP_005287.11 I G protein-coupled receptor 23 >gi 1 . 
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EXPRESSION INFORMATION FOR MODULATORY USE (from cDNA panel screening) : 

Human Brain 
Human Heart 
Human Lung 
Human Uterus 
Human Placenta 
Human Thyroid 
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FIGURE 2, page 1 of 2 

1 MTOGSCCRIE GDTISQVMPP LLIVAFVLGA LGNGVALCGF CFHMKTWKPS 

51 TVYLFNLAVA DFLLMICLPF RTDYYLRRRH WAFGDIPCRV GLFTLAMNRA 

101 GSIVFLTVVA ADRYFKVVHP HHAVNTISTR VAAGIVCTLW ALVILGTVYL 

151 LLENHLCVQE TAVSCESFIM ESANGWHDIM FQLEFFMPLG IILFCSFKIV 

201 WSLRRRQQLA RQARMKKATR FIMWAIVFI TCYLPSVSAR LYFLWTVPSS 

251 ACDPSVHGAL HITLSFTYMN SMLDPLVYYF SSPSFPKFYN KLKICSLKPK 

301 QPGHSKTQRP EEMPISNLGR RSCISVANSF QSQSDGQWDP HIVEWH {SEQ ID NO : 2 ) 



FEATURES: 

Functional domains and key regions: 

[1] PDOCOOOOl PSOOOOl ASN^GLYCOSYLATION 
N-glycosylation site 

3-6 NGSC 



[2] PDOC00004 PS00004 CAMP__PHOSPHO_SITE 

CAMP- and cGMP-dependent protein kinase phosphorylation site 
216-219 KKAT 



[3] PDOC00005 PS00005 PKC_PHOSPHO_SITE 
Protein kinase C phosphorylation site 
Number of matches: 7 

1 46-4 8 TWK 

2 128-130 STR 

3 196-198 SFK 

4 202-204 SLR 

5 238-240 SAR 

6 296-298 SLK 

7 307-309 TQR 



[4] PDOC00006 PS00006 CK2_PH0SPH0_SITE 
Casein kinase II phosphorylation site 
Number of matches : 3 

1 250-253 SACD 

2 271-274 SMLD 

3 332-335 SQSD 



[5] PDOC00008 PS00008 MYRISTYL 
N-myristoylation site 
Niomber of matches : 4 

1 2 9-3 4 GALGNG 

2 32-37 GNGVAL 

3 34-39 GVALCG 

4 134-139 GIVCTL 



[6] PDOC00009 PS00009 AMIDATION 
Amidation site 

318-321 LGRR 



[7] PDOC00210 PS00237 G_PROTEIN_RECEPTOR 
G-protein coupled receptors signature 
101-117 GSIVFLTWAADRYFICV 

Membrane spanning structure and domains: 
Helix Begin End Score Certainty 

1 13 33 1.800 Certain 

2 50 70 1.312 Certain 
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FIGURE 2, page 2 of 2 

BLAST Alignment to Top Hit: 

>gi 15174461 1 ref|NP_006009. 11 putative chemokine receptor; 

GTP-binding protein >gi! 134 6295Isp|P49019|HM74_HUMAN 
PROBABLE G PROTEIN- COUPLED RECEPTOR HM74 

>gil21353861pirl II69202 HM74 - human 

>gil219867 1dbj IBAA01721.il (D10923) P1M74 [Homo sapiens] 
Length = 387 

Score = 344 bits (873), Expect = 9g-94 

Identities = 178/341 (52%), Positives = 227/341 (66%), Gaps - 7/341 (2%) 

Query: 5 SCCRIEGDTISQVMPPLLIVAFVLGALGNGVALCGFCFHMKTWKPSTVYLFNLAVADFLL 64 

+CC D I++V+PP+L + F+ G LGNG+AL FCFH+K+WK S ++LrNLAVADFLL 
Sbjct: 17 NCCVFRDDFIAKVLPPVLGLEFIFGLLGNGLALWIFCFHLKSWKSSRIFLFNLAVADFLL 7 6 

Query: 65 MICLPFRTDYYLRRRHWAFGDIPCRVGLFTLAMNRAGSIVFLTWAADRYFKWHPHHAV 124 

+ICLPF DYY+RR W FGDIPCR+ LF AMNR GSI4-FLTWA DRYF+WHPHHA+ 
Sbjct: 77 TTrT.PFVMDYYVRRSDWNFGDIPCRLVLFMFAMNRQGSTTFLTWAVDRYFRWHPHHAL 136 

Query: 125 NTISTRVAAGIVCTLWALVILGTVYLLLENHLCVQETAVSCESFIMESANGWHDIMFQLE 184 

N IS AA I C LW + + TV+LL + L A C SF + WH+ MF LE 

Sbjct: 137 NKISNWTAAIISCLLWGITVGLTVHLLKKKLLIQNGPANVCISFSICHTFRWHEAMFLLE 196 

Query: 185 FFMPLGIILFCSFKIVWSLRRRQQLARQARMKKATRFIMWAIVFITCYLPSVSARLYFL 244 

F +PLGIILFCS +I4WSLR+R Q+ R A++K+A FIMWAIVF+ C+LPSV R+ 
Sbjct: 197 FLLPLGIILFCSARIIWSLRQR-QMDRHAKIKRAITFIMWAIVFVXCFLPSVWRIRIF 255 

Query: 245 WTVPSSA CD — PSVHGALHITLSFTYMNSMLDPLVYYFSSPSFPKFYNKLKICSLKP 299 

W + +S C+ SV A ITLSFTYMNSMLDP+VYYFSSPSFP F++ L L+ 
Sbjct: 256 WLLHTSGTQNCEVYRSVDLAFFITLSFTYMNSMLDPWYYFSSPSFPNFFSTLINRCLQR 315 

Query: 300 KQPGHSKTQRPEEMPISNLGRRSCISVANSFQSQSDGQWDP 340 (residues 5-340 of SEQ ID N0:2) 

KG R+++ ++ ++SWP 

Sbjct: 316 KMTGEPDNNRSTSVELTGDPNKT-RGAPEALMANSGEPWSP 355 (SEQ ID NO: 4) 

Hmmer search results : 



Protein Family 

7 transmembrane receptor (rhodopsin) 



amino acid residues 
32-278 
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FIGURE 

1 AAATGACCAC TTTTGCAAAA 

51 CAGGCTTGGC CTCTCCCAGA 

101 AAAGGACCTC CCTGGGTCTC 

151 TGCTGTGGCA GCATCCAACC 

201 GAAGTCAGAC ACGCAGCAGC 

251 TGTGCCATTG TGGGGACTCC 

301 TGTCCCCGCC ATGTACAACG 

351 TCTCCCAGGT GATGCCGCCG 

401 CTAGGCAATG GGGTCGCCCT 

451 GAAGCCCAGC ACTGTTTACC 

501 TTATGATCTG CCTGCCTTTT 

551 TGGGCTTTTG GGGACATTCC 

601 GAACAGGGCC GGGAGCATCG 

651 ATTTCAAAGT GGTCCACCCC 

701 GTGGCGGCTG GCATCGTCTG 

7 51 AGTGTATCTT TTGCTGGAGA 

801 CCTGTGAGAG CTTCATCATG 

851 TTCCAGCTGG AGTTCTTTAT 

901 CAAGATTGTT TGGAGCCTGA 

951 GGATGAAGAA GGCGACCCGG 

1001 ACATGCTACC TGCCCAGCGT 

1051 GCCCTCGAGT GCCTGCGATC 

1101 TCAGCTTCAC CTACATGAAC 

1151 TCAAGCCCCT CCTTTCCCAA 

1201 GAAACCCAAG CAGCCAGGAC 

1251 CAATTTCGAA CCTCGGTCGC 

1301 CAAAGCCAGT CTGATGGGCA 

1351 AACAAGCAGA CCAACAACAC 

1401 ACTCGTGCTA AGGGGTCGGG 

1451 TGCAAGACGG CTTCTCGCAC 

1501 ATGAAATTCA CACAACTATA 

1551 GAGTTGGCTG CATTTTCTTA 

1601 CATGGAGTGG AGCATGTGTG 

1651 CCTTGTGTAA TTTTCGTTGT 

1701 TGTGTCCCAG GCTGGAGTGC 

1751 TGCCTCCCGG GTTCAAGCAA 

1801 GATTAGAGGC GCCAGCCAAC 

1851 AGACAGGGTT TTGCCATGTT 

1901 GGTGATCCGC CTGCCTTGGC 

1951 CCACCGTGCC CGGCCTCCCC 

2001 TATATGTGTT TGAATGGGGC 

2051 TTAGCAGCAT TTCCTATCCT 

2101 ACAGAAACCG GGCTCAGTCA 

2151 TCTTTAGATT GGGATCTATT 

2201 TGTACATCTG TACATTTTGT 

2251 TGTGACTTCC TGGTAGCCCA 

2301 ACCTTCTTCA AATCTTTGTA 
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3, page 1 of 2 

TTGCATGCAT TTCCAAGCTT CATCCGGCTC 
GGCAGGCGGC TTGTGAGACG GGCTCCAGAG 
TCATTTCCTG GCTGAAGTTT CTCTTCTCGC 
CACACACACA GGACCCGCAT CCTGGGTGAT 
TGGGTGAGTG CTAACGCTCA GATAAGCATC 
CTGGGCTGCT CTGCACCCGG ACACTTGCTC 
GGTCGTGCTG CCGCATCGAG GGGGACACCA 
CTGCTCATTG TGGCCTTTGT GCTGGGCGCA 
GTGTGGTTTC TGCTTCCACA TGAAGACCTG 
TTTTCAATTT GGCCGTGGCT GATTTCCTCC 
CGGACAGACT ATTACCTCAG ACGTAGACAC 
CTGCCGAGTG GGGCTCTTCA CGTTGGCCAT 
TGTTCCTTAC GGTGGTGGCT GCGGACAGGT 
CACCACGCGG TGAACACTAT CTGCACCCGG 
CACCCTGTGG GCCCTGGTCA TCCTGGGAAC 
ACCATCTCTG CGTGCAAGAG ACGGCCGTCT 
GAGTCGGCCA ATGGCTGGCA TGACATCATG 
GCCCCTCGGC ATCATCTTAT TTTGCTCCTT 
GGCGGAGGCA GCAGCTGGCC AGACAGGCTC 
TTCATCATGG TGGTGGCAAT TGTGTTCATC 
GTCTGCTAGA CTCTATTTCC TCTGGACGGT 
CCTCTGTCCA TGGGGCCCTG CACATAACCC 
AGCATGCTGG ATCCCCTGGT GTATTATTTT 
ATTCTACAAC AAGCTCAAAA TCTGCAGTCT 
ACTCAAAAAC ACAAAGGCCG GAAGAGATGC 
AGGAGTTGCA TCAGTGTGGC AAATAGTTTC 
ATGGGATCCC CACATTGTTG AGTGGCACTG 
TGAGGAAGAT AGAGTGGTGA CTTAGAATTA 
GGCTTTGAAA ATGCCACCCC CCTTTCTTAT 
ATGAACTGCA TCCTTCTCAT TCTGTCGGAA 
CCTTTTGGGG AGGTTCCAGT TGATTGAAGT 
TCTGATCACA ATGGCAGGGG ACAGAATGTG 
TGTTGGGAGG GGGGCTAGGA ACTGCACAGC 
TTGTTTTTGT TTTGAGACAG AGTCTCACTC 
AGTGGCACAG TCTCGGCTCA CTGCAACCTC 
TTCTCCTGCC TCAGCCTCCC GAGTAGCTGG 
ACACCCGGCT AATTTTTGTA TTTTTAGTAG 
GGCCAGGCTG GTCTCGAGCT CCTGACCTCA 
CTCCCAAAGT GGTGGGATCA CAGGCGTGAG 
TGTGTCATTT TAAATGGCTA AGTAAATGGG 
ATGTTCACTC TCTTAGGGGC TATGGGGCAG 
CTGACCTTAA ATCATTCCTT ATCTCAGAAA 
ATCAATGCTT TATTTCAGGC CGAATGAGGC 
GATCTATCAA TTTTCATCTT TACATTTCTT 
CCAAATGTAC ATCTGTACGT CTGTCATCAT 
AGAAGAACAA CAACAAAACA ATCTGCTCTG 
TTTCAAAGAA G (SEQ ID NO: 3) 
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